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TRAMWAYS: 

THEIK CONSTRUCTION AND WOEKING, 



INTRODUCTION. 



Tramways or street railways have now been tried so 
long in this country that, as far as the convenience of 
the travelling public is concerned, we may reasonably 
pronounce them a success. There is not, however, any 
royal road to perfection in tramways, any more than in 
other new inventions, the value of which must depend 
chiefly on the .result of severe and varied practical tests. 
They have not proved faultless, but much may be 
learnt from the experience gained on the lines already 
worked ; and this experience not only points out where 
improvements are most needed on existing lines, but 
will, we trust, lead to the avoidance of many errors in 
projecting and carrying out new lines. 

To appreciate what may be learnt from this past 
experience, it is of course necessary to have reliable 
data. The subject of constructing and working tram- 
ways is, however, a comparatively new one in this 
country ; very little has been officially recorded of what 
is known about English and foreign lines; and the 
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4 tramways: their construction and working. 

general information which has been published up to 
the present time is of the most meagre description. 

We have therefore made it our study to remedy 
what we believe to be a want, by collecting and classify- 
ing reliable information and statistics. We have had 
occasion to personally visit Belgium, Francs, Holland, 
Italy, and Spain ; and in India the three Presidencies, 
Bengal, Bombay, and Madras ; and through the courtesy 
and kindness of many friends, we have received much 
useful information from other parts of the world, es- 
pecially from the United States of America. 

The general public being interested in the use and 
efficient working of tramways in this country, the 
subject is not narrowed to one of mere technicalities ; 
and in now submitting to our readers the result of our 
inquiries and observations, we venture to hope it may 
be of some service, and lead to further inquiry regard- 
ing a matter which really merits consideration. 

For greater simplicity and convenience we have 
divided the subject into the following heads : 

1. Construction and Equipment ; 

2. Working Expenses and Maintenance ; 

3. Mechanical Motive Power ; 

4. Working of Traffic, Checking Receipts, dbc. ; 

5. Concluding Remarks ; 

and to these we have added in an Appendix some 
tables of statistical returns and other particulars of 
tramways in America. 



CONSTRUCTION AND EQUIPMENT. 



I. CONSTRUCTION AND EQUIPMENT. 

CONSTRUCTION. 

General Remarks, — In this and other countries the 
drivers of Carts, waggons, and other vehicles, almost 
invariably endeavour to let them run on the tram rails, 
because the traction is easier for the horses ; but unless 
the rails are several inches in width, and thus able to 
accommodate the varying gauges of these vehicles, the 
drivers cannot succeed in keeping all the wheels fairly 
on the rails for many yards successively. As it is, the 
wheels run sometimes on the rail, sometimes on the 
adjoining paving, and sometimes partly on both rail 
and paving. Moreover, when it is remembered that 
carts and waggons are often without springs, and heavily 
laden, it is easy to understand that their constant 
jolting on or against the rails, or along the adjoining 
paving, causes the permanent way to be much shaken 
and loosened, and worse than all, causes the paving at 
the sides of the rails to be worn into holes and ruts. 
In this way not only is the wear and tear of the tram- 
way immensely increased, but where the paving near 
the rails is worn into ruts the sides of the rails are of 
course exposed, and offer dangerous obstructions to 
light vehicles. Every effort should be made in design- 
ing the permanent way of a tramway to lessen these 
defects, and to reduce the excessive cost of repairs. 
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Permanent Way. — In the United States, rails with 
grooves (Fig. 1) have been tried, but generally con- 

demned. The grooves must necessarily 
be small, so that ordinary carriage-wheels 
cannot enter them, and hence they soon 
become clogged with dirt and stones. 
This necessitates, the constant employment of men to 
clear the rails ; but even then the friction is so great 
that it is estimated that, on an average, nearly a third 
more power is required to draw the cars along grooved 
rails than along rails without a groove, where the 
flanges of the wheels are free. For the same reason 
grooved rails add greatly to the destruction of the 
wheels, and are also frequently the cause of the cars 
" jumping " off the rails. Grooved rails also add to the 
difficulty of preserving the gauge, because when the 
grooves are not quite clear they bind the car-wheels, and 
the latter in their turn thrust out the rails laterally. 

In many places in the United States tram rails are 
used with broad horizontal flanges, from 3 to 5 inches 
in width (see Figs. 3 and 4), so that vehicles without 
flanged wheels can run on them easily. Where there 
is a heavy cart and waggon traffic, it is more eco- 
nomical to make this provision in the first instance, 
at an increased outlay, than to adopt a system of 
permanent way which tempts drivers to try to keep 
on the rails, but which practically results in some of 
the wheels being run not on, but close to, the rails. 

In Philadelphia, the city authorities require all the 
rails to be of a uniform section, with broad horizontal 
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flanges, and the gauge to be 5' 2", in order that vehicles 
of all kinds may have a smooth surface to run on, and 
be more easily kept on the track. By this means a 
more uniform direction is given to the general traffic of 
the streets. 

A rail known as the crescent rail (Fig. 2) has been 
much used. It is cheap, and in outlying districts it 
has advantages; but there is no protection 
for the flanges of the car-wheels, so that -^^^j. 
they constantly ride on stones and other ip*^ii 
obstructions, and where there is much traffic 
this adds greatly to the wear and tear of the wheels. 

Sections (Figs. 3 and 4) have been extensively used 
in New York, Philadelphia, New Orleans, and many of 



the large American cities ; but these rails have a ten- 
dency to tilt, as in sketch (Fig. 5). This is chiefly 
owing to the unequal loading of these rails, for the car- 
wheels run on one side only of the rails, and the whole 
weight of the car is therefore brought on to that one 
side of the rails. This causes the timber sleepers to he 
more compressed and worn under the side of the rail 
which is most used, and it also causes an excessive 
strain on the fastenings of the rails. 
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The improved practice is not only to dispense with 
the lower vertical flange under the head of the rail, 
but to extend the base of this part of the rail, thus 
(Fig. 6). This rail weighs about 50 lb. per lineal yard, 
and is used for heavy traffic. 

Fig. 7. 





Where there is less traffic, the section (Fig. 7) has 
sometimes been used. This weighs from 28 lb. to 30 lb. 
per lineal yard. 

In European cities, and especially in London, there 
are more private carriages, cabs, omnibuses, and light 
vehicles of various kinds, than in America. It is there- 
fore more necessary to adopt a form of rail which offers 
little obstruction to the general road traffic. In the 
interests of the tramway proprietors, it is doubtless 
better not to have grooved rails ; but in London and 
other European cities it is considered that in the 
interests of the public generally it is better to use them, 
because they do not project above the surface of the 
roadway or track, and therefore offer little or no 
obstruction to vehicles passing over in any direction. 

It will thus be seen that in designing the permanent 
way and track of a tramway about to be laid no fixed 
rule can be followed; but that the engineer must 
carefully inform himself of the nature of the road 
along which it is to be laid, and above all, of the pro- 
bable number and class of carts, waggons, and other 
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public and private vehicles likely to pass along the 
tramway route. 

Our own opinion is that in European and other 
cities, where there are many public and private 
vehicles, grooved rails should be adopted; but the 
head of the rails, or that part on which the car-wheels 
run, should have an extra thickness of metal to allow 
for the great wear and tear; or, better still, these 
rails should be made of steel. For as the head of 
the rail is worn away the groove becomes shallower, 
the flanges of the wheels are then more worn, and 
very slight obstructions are sufficient to send the car 
off the line. 

Sleepers. — When the form of rail to be used has been 
decided on, the next thing to consider is on what the 
rail shall be bedded, and how it shall be fastened. 
These are two very important considerations ; for if the 
rails become loosened the gauge cannot be preserved, 
and the wear and tear of the cars and permanent way 
is seriously increased. 

In the first place, it should be remembered that the 
permanent way of a tramway has to be considered very 
differently from that of an ordinary railway. In the 
latter, elasticity in the sleepers is an advantage, as it 
lessens the shock of heavy passing loads running at 
high speed, while at the same time these sleepers are 
laid in loose ballast, are well drained, easily accessible, 
and can at any time be packed up to their proper level. 
For tramways, it appears to us worse than useless to 
provide an elastic bed for the rails; for when the 
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bed of the rails is elastic, and that of the contiguous 
paving is inelastic, there is an unequal settlement 
of these two important parts. In this way the surface 
of the roadway becomes uneven, and ruts are formed 
near the rails, to the detriment of vehicles of all kinds. 

It should also be borne in mind that tramways are 
generally laid in public roads, and are usually paved on 
each side of the rails, so that the whole of the sleepers 
and all but the surface of the rails are buried, and it is 
impossible to pack them up or alter their level without 
first removing the adjoining paving. It is therefore 
additionally necessary to make them of durable material, 
and to bed them thoroughly well in the first instance, 
in order to avoid the expense and general nuisance of 
opening up the paving. 

Timber has hitherto been generally adopted for 
tramway sleepers, but it not only decays rapidly and 
requires to be often renewed, but owing to its yielding 
nature, and to the fact of the sleepers being frequently 
deflected by passing loads, the fastenings of the rails 
work loose, and the difficulty of securing them is much 
increased. 

The superintendent of one of the chief tramways in 
New York City, a very competent authority on the 
subject of tramways in America, has given it as his 
opinion that "from long experience he is quite con- 
vinced that a perfect track for horse cars should be as 
solid as possible, and not like a steam railroad ; for with 
the small weight of the horse car and the slow speed 
an elastic track sooner wears away, and gives too much 
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spring to the car." He considers that "a light rail 
carried on continuous iron sleepers will last much 
longer, and save much in car repairs." 

Various systems of iron permanent way have recently 
been invented, and this is doubtless a step in the right 
direction, although opinions differ somewhat as to the 
actual results achieved. 

Nearly all the iron systems which have been tried 
consist of rails supported on iron blocks or chairs 
placed at intervals, the rails being specially rolled with 
vertical webs to prevent deflection between the supports. 
Hitherto the first cost of the iron systems has exceeded 
those in which timber sleepers are used. Among other 
objections, it has also been found in practice that when 
the rails are carried on a series of fixed points, a jolt or 
shock is given to the car as it rides over the supports. 
This is injurious to the cars, and tends to loosen the 
permanent way. 

To meet the objections urged against the different 
systems hitherto tried, we have designed an iron per- 
manent way with continuous cast-iron bearers for the 
rails, to take the place of the usual longitudinal timber 
sleepers. The bearers are also provided with a simple 
contrivance by which the rails are securely held in 
place. The cast-iron bearers are made in lengths of 
about 3 feet, and are fastened together so as to form a 
practically continuous longitudinal sleeper for the rails. 
Sufficient play is allowed in the joints to admit of the 
bearers being laid on the sharpest curves in use, so 
that no special castings are required. The rail is made 
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with a fillet on each side, projecting downwards: these 
fillets are slightly inclined inwards, and the ends of the 



bearers are similarly inclined and overlap, so that a 
wedge can he inserted between them, and when the 
rail is seated on the bearers like a saddle and the 
wedge is tightened, not only are the bearers fastened 
transversely, but owing to the inclined surfaces the 
rail is drawn down vertically on to its permanent bed, 
and the whole is thus very firmly secured. The width 
of the bottom flange of the bearers can be made equal 
to that of ordinary timber sleepers, but in practice the 
dimensions of the castings should depend on the nature 
of the foundation and the traffic likely to pass over the 
line. There are no projections whatever beyond the 
sides of the rails, so that the paving can be laid in an 
even line, close to the rails. 

This design is considerably cheaper than any with 
timber sleepers, and in fact we believe it is the cheapest 
of all timber or iron systems in use. 
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We may mention that we had occasion to design a 
tramway for India, where ants very soon destroy timber, 
and we there adopted cast-iron sleepers. Eleven miles 
of permanent way made entirely of iron were laid, and 
we are glad to be able to add that after several months' 
trial it has been reported on favourably. 

Fastenings of Bails. — It is apparently very easy to 
design a secure means of fastening the rails to the 
sleepers ; but it is really very difficult. 

Where timber sleepers are used various methods 
have been tried ; for instance, spikes or long screws 
driven vertically or diagonally into the timber, but 
they invariably work loose, and rails may be seen which 
are only kept in place by their own weight, and which 
spring and rattle when cars or other vehicles pass over 
them. 

Sometimes rails with vertical webs at the sides are 
used, and "dogs" or staples are driven horizontally 
through these webs into the sleepers. These staples 
are much better than spikes or screws, but they are not 
entirely satisfactory. Another plan is to pass bolts 
through the rails and sleepers, with nuts on the under 
side of the sleepers. This is, of course, a bad arrange- 
ment, for the bolts can never be tightened or adjusted 
without removing a long length of rail, sleeper, and 
paving. 

A further objection to all these fastenings is that 
they admit water into the heart of the timber ; they 
rust, and from constant vibration make excessively 
large holes, so that on the whole it may be safely 
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asserted that no really satisfactory fastening can be 
made when timber sleepers are used. 

It is more easy to design a secure fastening for iron 
sleepers and rails, and, as we have already mentioned, we 
have been able to provide a very simple and efficient one. 

Transverse Ties. — The continued trampling of horses 
between the rails tends to spread the track, and to force 
the rails out of gauge. To some extent this may be 
prevented by having the paving outside the rails well 
laid and rammed ; but it is also desirable to connect the 
opposite sleepers by transverse ties. The ties should, 
however, be kept well below the paving, to prevent 
their being affected by any sinking of the stones. 

Paving. — The next important consideration is as to 
the cheapest and most suitable material for the horse 
track. This should, to a certain extent, be regulated 
by the amount and nature of the traffic likely to pass 
over the tramway, for what may be requisite in a busy 
thoroughfare, cannot be equally necessary in an outlying 
district. In England, it is customary to use paving of 
granite or asphalt between the rails, and 18 inches out- 
side of them. The cost of .such paving is generally not 
less than half the total cost of the tramway. In 
America, the horse track is formed of macadam, wooden- 
block paving, stone setts, or cobble stones. 

Asphalt gives a bad foothold for the horses : it soon 
wears away near the rails, and is difficult to repair 
in wet weather, so that it is not considered a good 
paving for tramways. Granite is very durable, and if 
carefully laid and attended to, its surface can be kept 
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fairly even ; but it is certainly difficult to keep the edge 
exactly on a level with the rail. The stones should be 
nearly of the same size, to prevent unequal settlement ; 
for if stones of large and small area are mixed, the 
smaller ones will sink sooner than the others, as their 
bearing surfaces are less. 

In England, several tramways have been laid on 
roads which had previously been macadamized over 
their whole width; but as the tramway horses must 
always run to and fro in the same line, and as so many 
other vehicles are also driven along the tramway track, 
it has been found necessary to substitute a more lasting 
material than macadam for the horse track. In many 
places this has, however, led to a serious inconvenience 
to the public. The owners of the macadamized roads 
in several instances declined to incur the expense of 
paving the roadway on each side of the tramway, and 
the natural consequence is that, owing to the macadam 
being less durable than the stone paving, ruts are worn 
in the former where it adjoins the tramway paving, 
so that the surface of the latter is higher than the 
macadam next to it, and the edge of the paving is 
often a serious obstruction to passing vehicles. More 
complaints have been made against tramways on this 
account than on any other, and until the road authorities 
adopt a more reasonable and less short-sighted policy, 
we fear the nuisance will not be abated. This back- 
wardness on their part is the more inexcusable, because 
they are relieved by the tramway companies of the 
up-keep of the whole width of roadway occupied by the 
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tramways, which represents an annual saving in many 
instances of several hundred pounds per mile. 

An improved method of wooden-block paving laid on 
horizontal boards, and grouted with a mixture of pitch, 
gravel, &c, has been recently tried for short lengths on 
two or three English lines, and we think it promises to 
answer well. 

The greatest difficulty in paving (of whatever mate- 
rial) is to keep the surface of the rails and of the 
adjoining paving on a uniform level. Unless this is 
effectually done ruts are sure to be formed, as already 
described. Moreover, tramways are often laid, and are, 
generally speaking, of most use to the public in streets 
where there is the greatest traffic, and where, conse- 
quently, there is immense wear and tear, and where 
ruts are most quickly formed. Every attention should 
therefore be given to this very important subject. 

In our opinion, the best plan, in London and other 
European cities, where there is a very large number of 
public and private vehicles, will be to use a grooved 
rail, not exceeding about three inches in width, and to 
have wooden-block paving uniformly laid on horizontal 
boards, as above described, over the whole of the road- 
way, from kerb to kerb, the sleepers to be of iron, and 
to be placed on the same horizontal boards as the 
paving-blocks, so that there can be no unequal settle- 
ment of the rails and paving. To preserve the wood 
and to prevent its absorbing moisture and impurities, 
it should be " Burnetized," a well-known process of 
impregnating wood with a metallic solution. 
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With such an arrangement it will be more easy to 
have the repairs of the whole width of roadway, be- 
tween, kerb and kerb, effected by one responsible body. 
The tramway company should be made to execute all 
the repairs, to the satisfaction of the road authorities, 
and the latter should pay them a fair proportion of the 
cost of repairs. No disputes could then arise as to who 
should be answerable in the case of accidents, and a 
source of great public inconvenience and even of danger 
would be removed. 

The question as to how the roads on which tramways 
are laid can be best kept in repair was specially 
brought before the Select Committee of both Houses 
of Parliament appointed in 1872, and they reported : 

"That public interests require that the road should be 
kept in perfect repair and under one management, which can 
be best secured by the tramway company being obliged to 
repair the whole road in such manner as the road authorities 
may direct, receiving from them an annual sum, to be settled 
by contract, sufficient, to keep in repair that portion of the 
road for which they are responsible." 

Foumdations. — Having ascertained the probable 
nature of the traffic of all kinds likely to pass over 
the tramway, and having determined the class of 
permanent way to be used and the bearing sur- 
face to be given to the sleepers, great care should 
be taken to provide a sound and lasting founda- 
tion, not only for the sleepers, but for the adjoining 
paving, so that both may be kept up to a uniform 
level. 
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In England, the use of lime or cement concrete has 
almost invariably been adopted ; but it is doubtful if 
in all cases this is either necessary or desirable. In 
this country it generally happens that tramways are 
laid on roads which have been in use for many years, 
the metalling of which is many inches thick and very 
hard. In such cases it is better to remove only so 
much of the 'existing road material as will admit of the 
permanent way and paving being laid, after the bed 
has been well rammed and brought to an even surface. 

Where it is necessary to provide new foundations 
we are inclined to rely on the use of clean gravel 
or other suitable material, mixed with boiled tar to 
render it impervious to water, provided it is thoroughly 
well rammed. In our opinion, almost as much depends 
on ramming the foundation as on the material used. 

General Principles of Construction. — From the fore- 
going remarks it will be seen that varied experience 
shows that the following principles should be adhered 
to in designing tramways, viz. : 

1. The rails should be laid dead, on a bed as 

unyielding as that on which the paving on 
each side is laid. 

2. The sleepers should be of durable material, laid 

on a solid and lasting bed, to avoid the neces- 
sity of disturbing the roadway for repairs. 

3. The fastenings of. all kinds should be few and 

simple. 
4. The track should be well drained, to prevent the 
accumulation of water. 
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5. The use of timber sleepers should be avoided, 

because they soon perish, because they are 
elastic, and because fastenings attached to thein 
soon work loose. Besides this, in tropical cli- 
mates timber is rapidly destroyed by ants and 
other insecta 

6. The permanent way should be designed not only 

to meet the wear and tear of public vehicles, 
heavy waggons, &c, passing over it, but to resist 
the great transverse strains caused by these 
vehicles when driven against the rails. 
The English Tramways Act provides : 

" That tramway companies shall repair, with such mate- 
rials and in such manner as the road authority shall direct, 
and to their satisfaction, so much of the road whereon any 
tramway belonging to them is laid as lies between the rails 
of the tramway, and (where two tramways are laid by the 
same company in any road at a distance of not more than 
4 feet from each other) the portion of the road between the 
tramways, and in every case so much of the road as extends 
18 inches beyond the rails on each side of such tramway."' 

But by a curious oversight no provision is made for 
the maintenance of the rails and sleepers, and the 
foundation on which they are placed. 

It is true that all tramways in this country, before 
being opened for public traffic, must be officially in- 
spected by a Government inspector and " certified to 
be fit for such traffic " ; but as this inspection is not 
held until after the lines are finished, when all but the 
upper surface of the rails and paving is out of sight, it 
practically means that the inspector can do little more 
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than see that the clauses of the Act of Parliament have 
been complied with, and that the lines have been laid 
in the positions shown on the deposited plans. 

Now, seeing that tramways are laid in public streets, 
$.nd that so much depends on the design of the perma- 
nent way, on the class of paving to be adopted, on the 
mode of preparing the foundation, and on the facility 
of keeping the whole tramway in such a state of 
efficiency that the public will not be inconvenienced, 
it is most essential that the preparation of the working 
drawings and specifications should be entrusted to 
engineers experienced in tramway work. The rate- 
payers, through the road authorities, should also make 
it very clearly understood that they will in all cases 
stringently enforce the powers reserved for them in the 
Act, and will compel the tramway company to keep in 
thorough repair not only the paving between the rails 
and immediately on the outside of them, but the rails 
and sleepers also. Directors would then more often 
realize the importance of the best attention being 
given to the design of the permanent way and the 
mode of constructing the tramway, and the public 
would not infrequently be spared much avoidable 
inconvenience. 

equipment. 

Cars. — It is evident that the carriages on a tramway 
are subject to much less severe treatment than those 
on an ordinary railway, where the rate of speed is very 
great, and where a number of carriages are fastened 
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together, and often knocked violently one against 
another. On the other hand, the motive power used oh 
a tramway is much less than on a tailway ; and the 
weight of a tramway car must be so regulated that 
when loaded with passengers it will not be too heavy 
for a pair of horses. Only experienced makers can be 
trusted to build a car sufficiently strong and at the 
same time sufficiently light. 

In Europe, cars drawn by two or more horses have 
almost invariably been adopted, but in the United 
States there are many tramways on which one-horse 
cars are used. The average weight of two one-horse cars 
is greater than that of one two-horse car, and so with 
the former each horse has more dead weight to draw 
than with the latter. But where the traffic is not very 
great, or where cars must be run at short intervals of 
time, whilst the number of passengers likely to ride in 
any one car does not exceed twelve or fourteen, it will 
be generally found best to use one-horse cars. . The latter 
have also the advantage of not always requiring con- 
ductors, for the driver can attend to the few passengers ; 
and in the United States such cars are usually fitted 
with a glass fare-box, in which each passenger deposits 
the exact amount of his fare, so that it can be seen by 
all his fellow passengers, who can at once detect any 
error. The box is not under the control of the driver, 
and he merely has to see that each passenger deposits 
his fare correctly before leaving the car. The driver is 
furnished with a bag of small change, in case any 
passenger really requires it. 
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It is especially necessary to have light cars whe*e 
the gradients are steep, and in hot climates where 
horses are easily distressed ; and in designing a tram- 
way car, care should be taken to avoid an excessive 
overhang at the ends, especially when the usual kind of 
brake is applied from that part of the car, for then the 
strains from the brake and load pull down the ends, 
and cause the car to be " hog-backed." 

Great difficulty is experienced in getting suitable 
wheels for tramway cars, for either they are clumsy 
and heavy, or they are liable to be easily worn or 
broken. At present tramway wheels are generally 
obtained from the United States, owing to the toughness 
of the American chilled castings; but the Hadfield 
Steel Foundry Company, of Sheffield, have recently 
succeeded in producing some cast-steel wheels of good 
design, which are light, and represented to be strong 
and durable. 

A new method of stopping and starting cars has been 
recently invented by Messrs. JBetteley and Davison, 
which, if successful, will doubtless effect a saving in the 
cost of working. The car is stopped by means of an 
endless chain geared on to small drums and wheels 
attached to the axles. With this mechanical arrange- 
ment the ends of the car will not be pulled down, as 
with the ordinary brake, and fewer brake-blocks will be 
needed. Another feature of this invention is that when 
the brake is applied to stop the car, the revolutions of 
the axle are to cause the chain to wind round a drum, 
and in doing so to pull against a strong fixed spring. 
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This spring, when released, is intended to start the car 
without aid from the horses being necessary. Trials 
are, we believe, about to be made with a car fitted with 
these appliances, and it will then be known how far 
they may be considered practically successful. 

Horsing of Cars. — The number of horses required 
per day to work a car depends on its weight ; on the 
gradients ; and last, but not least, on the frequency of 
the stoppages. In a good climate, a well-conditioned 
horse suited for this kind of work should be able to 
draw its lpad from 15 to 18 miles per day. But on 
busy routes there are so many stoppages, and the 
horses are called on to make such great and frequent 
exertions to start the heavy dead weight behind them, 
that they cannot usually draw a tramway car more 
than from 13 to 16 miles per day. It is also necessary 
to provide extra horses to take the place of sick or 
injured ones, and in practice the usual allowance in 
this country is about eleven horses per car per day, 
the car usually travelling from 60 to 70 miles each 
day. 

Cost of Construction and Equipment — We have not 
here attempted to give an estimate of the cost of con* 
structing and equipping a tramway ; for not only is the 
cost of materials, horses, horse-keep, and labour different 
in every country, but that of iron, which is so consider^ 
able an item in the construction, fluctuates so much in 
every country that an estimate given now might be 
very misleading in a few months' time. 
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II. WOKKING EXPENSES AND MAINTENANCE. 

WORKING expenses. 

We have detailed statistics of a large number of 
tramways established in various parts of the world: 
they are, however, chiefly those of lines in the 
United States, because there are so many more in 
that country than elsewhere, and because it is more 
easy to obtain reliable information there on the sub- 
ject. In the State of New York and other leading 
States, every tramway company is, by law, obliged to 
file, in a prescribed form, in the office of the State 
Engineer, an annual report of the operations of each 
year, such report being verified by the oaths of the 
treasurer or president, and acting superintendent of 
the line.* These reports are classified, and embodied 
in the annual official Report on Eailroads of the State 
Engineer and Surveyor. His report is printed and 
circulated among the senators and others interested in 
the subject, and the " whole expense thereof is refunded 
to the Treasury of the State by an equitable assessment,, 
by the comptroller, on the several railroad companies 
of the State." The expense to each individual company 
is small, and in the interests of the public it is very 
useful to have such authentic returns published. In 
England the railway companies are required to send 

* See Appendix (B). 
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annual returns to the Board of Trade, but, as yet, 
tramway companies are not required to do so. We, 
however, trust they will soon be obliged to file authen- 
ticated accounts, so that the public may be better 
able to test and profit by the experience gained by 
each company. 

In the Tables in Appendix (A) we have given the 
returns of fourteen horse-lines in the State of New York, 
the returns being taken from the State Engineer's 
reports for the years referred to. On reference to these 
Tables, our readers will not fail to notice what a very 
large percentage of the gross receipts is usually absorbed 
by the expenditure — from about 70 to 80 per cent., and 
sometimes even more; and this result is the more 
striking when it is remembered that the total expenses 
of ordinary steam railways do not usually exceed from 
45 to 50 per cent, of the gross receipts. The fourteen 
lines above referred to are, however, no exception to 
the general rule. We have worked out the official 
returns, for the last five years, of forty-two American 
lines, and we find that the percentage of the total 
expenses on the receipts varies from about 65 to even 
95 per cent., and gives an average of a little over 80 
per cent. ; and a very similar result attends the working 
of tramways in Europe. This heavy expenditure is 
chiefly owing to the great cost of horse renewals and 
horse-keep. 

Cost of Working. — The cost of wages, horses, and 
horse-keep varies in nearly every country, and in dif- 
ferent localities in the same country, and we have 
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already seen * that the number of horses required per 
car per day depends on its weight, the steepness and 
number of the gradients, and on the frequency of the 
stoppages. All these circumstances must be taken into 
account in estimating the probable cost of working a 
tramway, and it would be useless to give details here 
for any particular country or locality. We may, how- 
ever, mention that the average working expenses per 
two-horse car in the United States, exclusive of the 
cost of administration, vary from about 21. 5a. to 37. a 
day ; and per one-horse car (generally without a con- 
ductor) from 11. to 11. 10s. a day. The president of 
the Seventeenth and Nineteenth Streets Railway Com- 
pany, Philadelphia (Mr. Joseph E. Gillingham), who 
has had a large experience in tramways, and who has 
kindly furnished us with much useful information, 
states that these expenses, on a line six miles long, in 
that city, are estimated at about 21. 12s. per day. In 
Belgium, Italy, and Spain, the working expenses, ex- 
clusive of the cost of administration, varv from about 
11. 108. to 21. per car per day. In England these ex- 
penses vary from about 21. to 21. 10s. per car per day. 

The London General Omnibus Company run their 
omnibuses about 60 miles a day, and the present cost 
of horses and wages for each omnibus, per day, is about 
21. 2s. This company's management of horses is more 
economical and generally superior to that of any London 
tramway company ; but it is also a fact that tramway 
horses have harder work to do than omnibus horses. 

* Page 23. 
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Horses are costly to buy and to keep: they soon de- 
preciate in value, and everyone who has kept only two 
or three probably knows, from painful experience, how 
soon they may be injured or unfitted for regular work, 
and how difficult it is to prevent stable servants from 
being wasteful, dishonest, and inattentive. Tramway 
companies have often to keep up several hundred horses 
in good going condition, and it may be readily imagined 
that the task is almost Herculean: Practical knowledge 
and careful supervision can alone ensure economical 
management, and every care should be taken by a 
tramway company to secure the services of a thoroughly 
good and trustworthy stable manager. . 

The North Metropolitan Tramway Company, who 
Jiave about 29 miles of double line open, contract with 
the London General Omnibus Company for the horsing 
of the tramway care. The latter company adopt the 
plan of training young horses in their omnibuses, and 
of then drafting them off for use on the tramway, so as 
to avoid the risk of raw or jibbing horses stopping a 
car and blocking the line ; but although only tried 
horses have thus been used on this tramway, the Omni- 
bus Company have found, after more than a year's 
experience, that the tramway cars tell more severely on 
them than the ordinary omnibus. 

MAINTENANCE. 

Bepairs of Tramway. — The cost of keeping in repair 
the permanent way and track of a tramway depends on 
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the amount of traffic of all kinds passing over the line, 
and on the excellence of the design and construction of 
the tramway. When paving is used instead of macadam 
there is a great saving in the cost of up-keep, and, 
beyond having occasionally to renew some of the mate- 
rials, nearly all that should then be required is to keep 
the paving in good order, and to draw in and straighten 
the permanent way. Constant attention is, however, 
necessary* and on the principle of " a stitch in time," 
repairs should not be neglected, not only from an 
economical point of view, but to prevent the public 
from being inconvenienced by defects in the road. 

We have already pointed out how necessary it is for 
the road authorities to adopt very stringent measures to 
ensure the permanent way and paving being kept in 
thorough repair by the tramway company. There are 
instances where, from disagreement with the local , 
authorities, the tramway company have failed to keep 
their track in good order ; but as the chief sufferers are 
the public, no mere dispute with the local authorities 
should be taken as an excuse for such neglect, and it 
should on no account be allowed. The tramway com* 
pany should be compelled to keep the permanent way 
and paving in good condition, a and unless they do so 
efficiently, the road authorities should enforce th6 
powers specially provided for them in the Tramways 
Act, " and do the works necessary for the repair and 
maintenance or restoration of the road," and make the 
tramway company repay whatever expense they may 
thus incur. 
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Repairs of Cars. — We have already referred to the 
necessity of reducing as much as possible the dead 
weight of the cars. To effect this, and at the same time 
to make the cars stiff and strong, is no doubt very diffi- 
cult; but it is possible; and every care should be taken 
to see that it is done. Even the best made cars suffer 
much from the constant jolting and straining they are 
necessarily subjected to. They should be frequently 
examined, and all necessary repairs executed promptly* 
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III. MECHANICAL MOTIVE POWER 

Tramways in nearly all parts of the world are at 
present worked by animal power, and the great cost and 
risk of keeping a large number of horses have already 
been referred to. On a few foreign lines steam power 
has been partially tried, but on so limited a scale that 
the practical results hitherto produced have not been 
sufficient to obtain a satisfactory decision on the subject. 
The opinion is, however, gaining ground that steam 
power can with safety and advantage be used instead 
of animal power in several places, and many think that 
it can be made to effect an important saving in the 
cost of working. 

Captain Tyler, E.E., one of H.M. Government In- 
spectors, has called attention to the probability of such 
a change in the motive power being adopted, and in a 
report to the Board of Trade he says : 

" It seems probable that the introduction and extension of 
the rail system will lead, sooner or later, to the* employment 
of other than horse power for the movement of vehicles, if 
not through the streets, at least along the roads of the districts 
surrounding the Metropolis ; and it is undeniable that such 
a step in advance would have, at all events, one good effect, 
in avoiding the wear and tear to the road surfaces occasioned 
by horses' feet, and in thus doing away with that which is, 
after all, most destructive to the road surfaces." 

We have already mentioned that the success of a 
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tramway depends very much on good management and 
careful supervision; but even assuming that there is 
perfect management, and that horse food is advan- 
tageously bought at cost prices, it will be well to bear 
in mind that in all probability the cost of horses and 
horse-keep, wages, and general expenses will increase 
rather than decrease. At all events, such seems to be 
the tendency of the present day, and so it becomes 
additionally important to consider any practical sugges- 
tions for reducing the present excessive cost of working 
expenses. 

Steam, electricity, hot and compressed air, and 
various kinds of gas, have all been suggested as motors 
for tramway cars, but, so far as we are aware, the only 
engines capable of bearing the severe test of actual 
use are those worked by steam power : and even among 
the latter there are very few likely to prove suitable 
and safe. The puffing noise and the escape of steam, 
the glare from the fire, all contribute to frighten horses, 
especially at night, and if permitted in the public 
streets would, without doubt, cause many accidents. 

To meet these difficulties many expedients have been 
tried, and among them that of Dr. Lamme, of New 
Orleans, who invented a small locomotive with a boiler 
containing about 60 cubic feet of water, but to which 
no fire or heating apparatus was attached. The process 
is thus described : 

" When it is required to start the car, the boiler is nearly 
filled with cold water, and the locomotive is run alongside of 
a large stationary boiler, working at a pressure of 200 lb. 
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The steam pipe of the stationary boiler is connected with the 
locomotive boiler, steam then rushes into the latter, and in a 
few minutes it raises in the cold tireless boiler a pressure 
of 180 lb. The connection with the stationary boiler is 
then uncoupled, and the fireless locomotive is ready for 
work." 

General Beauregard and others took much interest 
in the invention, and experiments were made in New 
Orleans and elsewhere which were tolerably satisfactory, 
provided the road was level and there were very few 
stoppages; but gradients and frequent stoppages tell 
heavily against the limited power of the " fireless " 
engine, for every minute adds to the loss of heat by 
radiation, &c. Tramways are seldom, if ever, without 
inclines, and the cars must be frequently stopped for 
passengers to get in and out, and for these and other 
reasons this invention is not considered a practical solu- 
tion of the difficulty. 

Mr. L. J. Todd has for some time been conducting 
experiments in this country on various kinds of engines 
designed for tramways, and as he has much practical 
knowledge of the subject, we think it well to give the 
following extracts from a report he has kindly furnished 
us with. He says : 

u For most street railways it will, for many reasons, be 
preferable to use the ever constant and ample power of an 
accumulator furnace boiler, as then the car will be more 
independent and better able to meet the strain of temporarily 
increased traffic during certain hours of the day and certain 
days of the week. And in running a great number of rapidly 
succeeding cars, if one becomes disabled, the succeeding car 
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of an accumulator can easily drive this before it, and thus 
clear the line ; while, with the weak powered fireless engines, 
the lines would probably be blocked, and the longer the cars 
waited the less would their propelling power become. It is 
also possible, and very probable, that the great crowds on 
public holidays would quite disorganize a traffic carried on 
by fireless engines, if their power cannot be in any way 
increased against emergencies ; whereas the accumulator, by 
running its fan harder or slightly lessening its speed, can 
vastly increase the total power given out during a run. The 
accumulator car can also run an entire day without coming 
into the shop, whereas the fireless engine must, at every 
journey, be run into the shed for that supply of driving heat 
which the accumulator boiler is, while at work, constantly 
receiving from the fuel in its small furnace, and storing for 
use when required, in precisely the same medium as used in 
the fireless engine, viz. a great mass of water/' 

" From the point of requiring the least attention while 
working, the 'fireless' boiler is of course decidedly pre- 
eminent, but from the very nature of it, its power must ever 
be of the most limited and irregular description; in fact, 
the action of such a boiler is precisely similar to that of a 
large spring, which although at first powerful is yet ever 
decreasing in pressure as it uncoils." 

" In an ' accumulator ' boiler the water capacity is so large 
in proportion to the grate, that the pressure cannot possibly 
rise dangerously while the engine is running, nor even rise 
at all except very slowly ; and again, the water capacity 
above the low-water level is equal to the entire evaporation 
of half an hour, or even an hour's full work. The fire also 
does not require attention while running, as the deep narrow 
furnace is merely filled with coke at starting, and is then 
left, like a small cupola, to sink down during the half-hour's 

D 
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run. And so, provided the driver merely fills his boiler 
with water and his furnace with coke before starting, he may 
then with perfect confidence leave it to itself during the run, 
as the factor of safety is abundantly great. 

" For the production merely of a small power, and where 
only intermittent attention can be given, this accumulator is 
essentially and truly a ' safety ' boiler ; indeed, it is the only 
furnace boiler yet designed which can safely be put into a 
steam car, or street locomotive, which has only one attendant. 
The ' accumulator ' principle is obviously, of course, inappli- 
cable to large boilers, or to the production of great powers, 
but for the very limited power required for a street car all 
its parts can readily be kept within ordinary and safe dimen- 
sions and thicknesses of plates." 

"In carefully considering the various requirements of 
actually working a street railway by steam power, it seems 
far preferable, whenever possible, to use detached engines to 
pull ordinary cars, rather than to attempt the combination of 
engine, boiler, and passenger carriage into one machine. 
Where, say, fifty or sixty cars have to be under steam and on 
the street daily, it will at once be seen how much easier it 
will be to repair, clean, and keep in order their boiler and 
engine motions when these are separate, as the locomotives 
can then be run into a separate repairing shop, so that the 
fittings, trimmings, and painting of the passenger carriage 
are kept clear from the smoke and dirt of the repair shop, 
and also from the lighting up and running shed. 

" With a detached engine the passenger car is also kept 
perfectly clear from any smell of hot oil or tremor of ma- 
chinery : and, again, if any slight escape of steam takes 
place or accident occurs to the engine, the passengers are not 
needlessly alarmed, as practice has already proved them to 
be with a self-contained machine. And, again, there is a 
strong feeling on this point on the part of the general public, 
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as ninety-nine out of every hundred travellers would prefer 
to travel in a separate passenger carriage rather than to 
enter one where Tpart of them would actually sit on top 'of, 
and others lean their backs against the boiler. And however 
successful self-contained steam cars may be from a mechar- 
nical point of view, it is doubtful whether such machines will 
ever become popular favourites. 

" In reference to this, some have remarked that as pas- 
sengers are not at all afraid to go on board a steamer, which 
has a boiler below the deck, therefore they will not object to 
the steam cars; but it must be remembered that in the 
steamer there are a number of skilled men to constantly 
attend to the boiler and gear ; while the leading idea among 
the present designers of steam cars seems to be simply to 
stow away one or more boilers out' of sight within the car, 
and then leave them and the passengers to take care of 
themselves." 

Beferring to a means Mr. Todd has invented of 
working a steam engine in silence, while at all times 
he is able to regulate the pressure as in a locomotive 
with the ordinary blast-pipe, he says : 

" The ordinary blast in the funnel has one great practical 
advantage and convenience, in that it at all times perfectly 
regulates the intensity of the draught to the ever varying 
amount of power that a locomotive gives out. If the engine 
be going up an incline, the blast becomes very strong, and 
there is plenty of steam. Again, when descending, the blast 
is soft, and raises no excess of pressure ; so that either in 
running heavily up or lightly down a gradient, the pressure- 
gauge hardly varies. This one advantage is of such great 
convenience and utility, that engineers do not like to part 
with it ; they therefore universally adhere to the contracted 
exhaust in the funnel, and, in special cases, merely try to 

D 2 
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lessen the noise by making the steam issue through a number 
of small holes instead of one large one, or through a narrow 
annular opening ; or they use an adjustable nozzle, or some 
other device. But with all these schemes, one main fact 
must not be lost sight of, viz. that the gases must issue from 
the funnel at a certain velocity, or the boiler will not keep 
steam ; and that to maintain this velocity the exhaust must 
be projected into the funnel at a certain great speed. Now, 
the noise that the exhaust makes depends wholly and en- 
tirely upon the speed with which it issues from the blast 
nozzle. It is extremely easy to avoid noise, either by 
making the blast opening sufficiently large, or by making 
the rate of exit sufficiently slow ; but then, of course, the 
velocity of the draught is not maintained, and there is in a 
locomotive literally no choice between the two evils : either 
the exhaust must issue, through whatever kind of opening, 
at a certain great speed, thereby making noise but keeping 
steam ; or if the noise is reduced, which means that the 
exhaust has a large opening, then the boiler is spoilt for 
making steam." 

"Others have entertained the idea that if the exhaust 
could be made to issue in a constant stream, instead of sepa- 
rate blasts, it would then frighten horses less. But this 
hope has not been realized in practice ; and even were it 
possible to attain this constant stream, yet still the other 
objections to a funnel exhaust-blast for a street locomotive 
remain unremoved. And to show of what small avail this 
constant stream is in lessening the alarm of horses, it need 
only be mentioned that an ordinary small jet cock in the 
funnel frightens horses so much, that it must always be shut 
off when they are passing, even although the locomotive be 
standing. The plan has also been tried of fitting road 
locomotives (having an ordinary proportion of boiler) with- 
an air or other condenser, into which the exhaust can be 
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turned for a short time while passing horses ; but what is 
wanted in a street is constant, and not intermittent silence. 
Further, an engine fitted with such a condenser has to 
depend entirely upon the ordinary blast-pipe for its power 
of making steam ; and as the exhaust is not constantly in the 
funnel, it follows that when at work the blast-pipe must do, 
during a certain time, work that should have been spread 
over a longer period. To enable it to do this, the nozzle 
must be more contracted than usual ; and so, for the advan- 
tage of being silent at certain short times, such an engine 
pays the penalty of making more noise than usual on other 
longer occasions — a result most out of place in a street. A 
moment's reflection will also show that a similar and better 
result than this can be readily attained by merely using an 
adjustable nozzle, fitted with a hand-lever, so that it can be 
quickly opened and shut." 

" All these and other contrivances are more or less unsatis- 
factory. What is wanted, and what any engine intended to 
work regular traffic in crowded streets must have, is some 
contrivance by means of which it can at all times run in 
perfect silence, and yet constantly maintain as uniform a 
pressure as the ordinary puffing blast-pipe, so that it may go 
quietly up an incline, and yet have plenty of steam ; or, 
again, run fast down a gradient without accumulating an 
excess of pressure. This great desideratum we most per- 
fectly obtain as follows: On the axis of a silent fan dis- 
charging into a close ash-pan, fit a turbine or bucket wheel ; 
then take the usual blast-nozzle out of the funnel, and cause 
the exhaust steam to be discharged against the turbine wheel, 
so as to rapidly rotate the fan. Then turn the exhaust into 
the water-tank, where part is condensed, and all water depo- 
sited, the remaining small amount of steam escaping gently 
through a wide pipe into the funnel, where, being small in 
quantity and free from water, it is superheated and passes off 
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noiselessly in an invisible form. From this arrangement it 
will be seen that the speed of the fan, and consequently the 
draught, will be as perfectly regulated as if the blast were in 
the funnel in the usual manner, for a moment's reflection 
will show that the two actions depend for their success on 
precisely the same principles, viz. that in any locomotive, 
the back pressure of the exhaust varies directly according to 
the power that the engine is giving out. With the ordinary 
funnel blast the draught through the boiler is created by 
suction, while with the exhaust-driver fan it is urged by 
pressure. With the latter, whenever the engine starts, the 
fan starts ; if it stops, the fan stops ; when going up an 
incline, the back pressure increases and the fan runs fast ; 
when going down, it falls away, and the speed of the fan 
becomes in the most perfect measure reduced. It will thus 
be seen that as far as relates to their capability of regulating 
the intensity of a locomotive fire, the blast-pipe and the 
exhaust-driven fan stand on precisely the. same footing. With 
the blast-pipe, however, the exhaust must of necessity be 
projected rapidly and violently into the atmosphere, while 
with the steam fan it can, after urging the draught, be still 
retained in the pipe, and so can be condensed, or otherwise 
noiselessly disposed of. 

"This arrangement of exhaust-driven fan we call our 
' blast-suppressor,' and by it alone, and by no other contrivance, 
either yet made or proposed, is it possible to continuously work 
in silence a steam-driven locomotive without greatly impairing 
its efficiency. 19 

"We have thus an engine thoroughly well adapted for 
working ordinary street railways of moderate gradients. 
It has ample pulling and stopping powers; it runs in either 
direction ; it can round any street curve ; its working parts are 
unseen, yet quite accessible, and tolerably free from mud and 
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dust ; it is practically noiseless, smokeless, and steamless, and 
free from glare of fire by night ; it can be worked with the 
greatest safety by merely a single attendant ; the entire weight 
of both engine and car is steam braked ; it is not complicated, 
and is of sightly appearance*' 

The above extracts are somewhat lengthy, but they 
are so pregnant with interesting matter and practical 
remarks that we think them worthy of being read by 
all who are interested in the economical working of 
tramways. 

The use of steam power in the public streets is 
doubtless attended with many difficulties, but we ven- 
ture to think they are not insurmountable. Mr. Todd 
has fairly grappled with the subject : he has, we think, 
made a considerable advance in the right direction, 
and we trust that he and other equally enterprising 
inventors will be encouraged by tramway companies 
and others to persevere in their useful work. 

At present the English law prevents the use of 
steam on tramways, but it has for some time been 
in contemplation to pass an Act authorizing steam to 
be used. In 1873 a Select Committee of the House 
of Commons was appointed to inquire into the effect 
of the use of locomotive engines on the public roads, 
and although they were not instructed to express any 
opinion on the use of steam engines on tramways, they 
made the following statement in their report : 

" The committee do not think it advisable to make any 
recommendation as to the employment of steam on tram- 
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ways, but they have received evidence that the power of 
control and stoppage is at least eqnal to that possessed over 
ordinary tramway cars, while there need not be any noise 
greater than that produced by the movement of the car." 

This statement, spontaneously made, rather leads to 
the inference that the committee were not opposed 
to the introduction of steam on tramways, especially 
as after having entered fully into the question as to 
the effect produced on horses by steam engines, they 
reported : 

" As small engines are now employed in all directions for 
contractors' work, steam fire-engines, &c, passing daily 
through streets and amongst horses, and as at most railway 
stations locomotives are habitually run within a few feet of 
horses and carriages, and as few or no accidents are known 
to result from these practices, it seems reasonable to con- 
clude that horses in towns will not take much notice of the 
passage of road locomotives/' 

When tramway rails are wet or frosted it is very diffi- 
cult indeed to get adhesion enough to drive an engine up 
inclines and round curves, and there are other obvious 
difficulties to be contended with besides those already 
hinted at. Among them should be mentioned the 
difficulty and loss of time likely to be experienced in 
replacing a mechanically worked engine on the tram 
rails, when it has accidentally run off the line. Where 
horses are used it is comparatively easy to keep the 
car on the rails, even where there are sharp curves, for 
they can be made to pull diagonally when required, 
and if by chance the car does leave the rails, the horses 
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can draw it on again. But where the propelling power 
is mechanical, if the wheel base is rigidly fixed, there 
is great risk of the engine or car being run off the 
line, for a sharp curve or slight obstruction on the 
rails will easily cause this to happen. This will be 
especially the case where grooved rails are used, as 
they so soon become choked with dirt and stones. 

If "bogies" be used, this risk will be considerably 
reduced ; and where grooved rails are not used, it may 
be assumed that with careful driving bogies will prac- 
tically do away with it. Where grooved rails are used, 
the grooves and corresponding flanges on the wheels 
should be made as deep as possible. 

Coiled springs have recently been suggested as motors 
for carriages ; and Mr. E. H. Leveaux, of London, has 
contrived a clever arrangement by which he proposes 
to propel tramway cars. The springs must necessarily 
be very powerful, and are intended to be wound up by 
stationary steam engines placed at intervals along the 
tramway routes. We think Mr. Leveaux's invention 
superior to the "fireless" engine, because, however 
long a car may be kept standing, there will not be any 
loss of power in the springs, whereas in the " fireless " 
engine every minute adds to the loss of heat and con- 
sequent diminution of power. But there are other 
points to consider. At present, in busy thoroughfares, 
thronged with vehicles of all kinds, it is difficult for 
the tramway cars to maintain an average speed of five 
miles an hour, or even less ; and in practice some of the 
London omnibuses are able to reach their destinations 
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more quickly than the tramway cars, because they are 
not obliged to travel in a fixed line, but can steer 
diagonally between other vehicles. If, therefore, the 
cars have to be stopped at intermediate stations, in 
order that the springs may be wound up, a new 
element of delay will be introduced. Special provi- 
sion will also be required to reduce the liability of the 
cars to run off the rails, and to make the replacing of 
them easy and expeditious ; also to ensure their being 
jun round the sharp curves and up the steep inclines, 
so often necessary. 
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IV. WOEKING OF TBAFFIC, CHECKING 

KECEIPTS, Etc. 

We have now to notice several points which have a 
practical bearing on the successful working of tram- 
ways, and which should be taken into account in laying 
down a line and in organizing the traffic arrangements. 

The smooth rails of a tramway of course offer much 
less resistance to the running of a carriage than the 
uneven surface of an ordinary road, whether paved or 
macadamized. When on a level or nearly so, it is 
found in practice that a pair of horses can draw about 
double the load on a tramway that they can on an 
ordinary road ; but on inclines, although the smooth 
rails make the traction easier, the force of gravity 
tending to draw the car backwards is not counteracted 
in any appreciable degree by friction, and if heavy cars 
are used, the strain on the horses is seriously increased 
on inclines steeper than 1 in 50 or 45. On this account, 
as well as for economy in working, steep gradients should 
be avoided, or if used, they should be as short as possible. 
The cars should not be stopped when going up a steep 
incline, and when running down, efficient brakes must 
be used to prevent too high a velocity being attained. 

Dovhle Lines. — It is important for tramway cars to be 
subject to few detentions, so that not only may pas- 
sengers be quickly conveyed to their destinations, but 
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the convenience of persons in other vehicles using the 
public road may not be interfered with. It is there- 
fore desirable in all busy localities to have a double 
line ; and where this is not practicable in one street, a 
second line should be laid along another street as nearly 
parallel to the first as may be, the two being connected 
by cross lines. In some places, as in Philadelphia and 
llverpool, a circular line is used, and the cars are 
always run round in one direction. In outlying dis- 
tricts, where there is not a large traffic, a single line, 
with passing places at suitable intervals, will answer 
the purpose; but such an arrangement will not be 
satisfactory in much-frequented streets. 

Captain Tyler, in a Eeport to the Board of Trade, 
remarks : 

" It is important, in the working of the traffic, to provide 
as far as possible that the cars shall not in any case come to 
a dead end, at which one car may have to stand and await 
the arrival of another before commencing its return journey ; 
or at which the horses, being detached on arrival from one 
end, shall be taken round the car and reattached at the 
other end of it, before commencing a fresh journey in the 
opposite direction. In fact, one of the most important 
points to be considered in the working arrangements of the 
cars, as far as the avoidance of obstructions in the streets is 
concerned, is to keep each car moving in the same direction 
from the time it commences work in the morning until it 
returns to its yard in the evening ; no more rest being allowed 
to it than is necessary for changing horses at the appointed 
places ; and the more crowded the streets through which it 
passes, the more necessary does this condition of working 
become. It is obvious that the less time there is consumed 
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in stoppages, the fewer, as a general rule, will be the number 
of cars required to do a given amount of work in the con- 
veyance of passengers. And there can hardly be much 
objection to single-line routes, without passing or crossing 
places, through streets that are suitable for them, provided 
they are not so long as to require more than one car to be on 
them at one time." 

"As regards danger to foot-passengers, there can in no 
case be the same risk with tramway cars as with omnibuses. 
The foot-passenger has only to look for a car along its own 
track, while he must be on the look-out for omnibuses along 
every part of the streets which they traverse." 

We quite concur in the above remarks, especially 
as to the desirability of not letting cars " come to a 
dead end " in any narrow or busy street. The changing 
of horses, &c, should take place in less inconvenient 
places ; and where steam cars are used provision must 
be made for their being reversed at the end of each 
journey, or they must be run round a circular loop line. 

We think we may safely affirm that experience in all 
parts of the world shows that tramways, except in very 
narrow streets, do not obstruct but rather tend to regu- 
late and give a direction to the ordinary street traffic. 

The evidence of several police superintendents as to 
whether or not tramways were injurious to the public 
was taken before the Select Committee of both Houses 
of Parliament, appointed in 1872, relative to the pro- 
posed extension of the metropolitan tramways. The 
superintendents stated that objections could not well 
be urged against the tramways except where the horse- 
track was paved and the road on each side of it inac- 
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adamized, for then the edge of the paving was nearly 
always above the. surface of the macadam, owing to the 
latter being sooner worn away. But they all seemed to 
agree that were this defect remedied, and were the per- 
manent way and paving kept in thorough repair, tram- 
ways could not be said to be objectionable, while they 
are certainly a great convenience to large numbers of 
the public. 

Before the same committee Captain Tyler stated : 

" I have noticed that as the cars go along they rather make 
way for the faster traffic through crowded streets than 
obstruct it, and by carrying a greater number of people in 
each car than an omnibus, I think they are rather an advantage 
than otherwise." 

To ensure the convenience of the public being inter- 
fered with as little as possible in working a tramway, 
the English Tramways Act, 1870, gives to the local 
authority of any district in which a tramway is laid 
down power to make regulations as to the following 
matters : 

" The rate of speed to be observed in travelling upon the 
tramway ; the distance at which carriages using the tramway 
shall be allowed to follow one after the other ; the stopping 
of carriages using the tramway; the traffic on the road in 
which the tramway is laid." 

This Act also provides that : 

" Every tramway in a town which is hereafter authorized 
by Provisional Order, shall be constructed and maintained as 
nearly as may be in the middle of the road ; and no tramway 
shall be authorized by any Provisional Order to be so laid 
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that for a distance of 30 feet or upwards a less space than 
9' 6" shall intervene between the outside of the footpath on 
either side of the road and the nearest rail of the tramway, if 
one third of the owners or one third of the occupiers of the 
houses, shops, or warehouses, abutting upon the part of the 
road where such less space shall intervene as aforesaid, shall 
in the prescribed manner and at the prescribed time express 
their dissent from any tramway being so laid." 

The object of this provision is to enable carts and 
other vehicles to be driven between the tram rail and 
the kerb, or to be stopped in front of a house or shop, 
without being interfered with by the tramway cars. 
This is a very desirable stipulation, but in many places, 
especially in the outskirts of a town, it is unnecessary 
to reserve so great a width. 

The extreme outside width allowed by the above 
Act for tramway cars is " 11 inches beyond the outer 
edge of the wheels," so that the distance between the 
car and the kerb is practically reduced to about 8 feet 
8 inches, whilst the extreme width from outside to out- 
side of the wheels of a four-wheeled cab is 5' 2", of a 
hansom cab 6' 2", of an ordinary omnibus 6' 8", and of 
ordinary carts about 6' 6". In the City of London it 
is found sufficient to make streets intended for two 
lines of vehicles 14 feet wide, but a width of 15 feet is 
preferred. And speaking generally, it may be said 
that the minimum widths of streets on which tramways 
can be satisfactorily worked, where there is a large 
general traffic, are: for a double line, from 32 to 
33 feet ; and for a single line, from 23 to 24 feet. 
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Sometimes the cars of one company are by agree- 
ment allowed to run over the line of another company. 
This is so in Philadelphia, and there the company who 
constructed the line are paid by the other companies 
using it 10 per cent, per annum on the cost of con- 
struction and a share of the cost of up-keep. 

In towns, the profits of a tramway largely depend on 
the frequency and regularity with which the care are 
run. Passengers have often only short distances to 
go, and if they know they must wait several minutes 
for a car, they will generally walk ; but if they know 
for certain that they can take a car almost imme- 
diately they will generally be tempted to ride. If the 
fare is uniform for any distance (as on many lines), 
two passengers who ride short distances will yield 
about double the profit of one passenger who rides the 
whole length of the tramway. Where the fare is not 
uniform, two passengers who ride short distances will 
yield about one and a half times the profit derived 
from one passenger who travels over the whole line. 

In the United States a frequent service of cars has 
been fully recognized as an element of success, and in 
nearly all busy towns the cars are run at intervals of 
from two to five minutes. In New York City and 
Brooklyn the cars are run all day and night. From 
about 7 to 10 a.m., and from 3 to 8 p.m., they follow at 
intervals of about two or three minutes ; from 8 p.m. to 
midnight they follow at intervals of from five to eight 
or ten minutes ; and on the chief lines after midnight 
they are run at intervals of from fifteen to thirty 
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minutes, according to the requirements of the traffic. 
By this means nearly every person is induced to ride 
instead of to walk, and the tramway car has almost 
everywhere in the United States superseded the less 
convenient omnibus: in fact, the latter has in many 
places been fairly driven off the road by competition. 

In places where the distance to be travelled is too 
great for walking, passengers can be more easily 
secured ; and if the traffic is not very great, the cars 
can be run at long intervals without danger of losing 
passengers. As a general rule, the financial success of 
a tramway much depends on the ruiming of the cars 
being so arranged that the intervals between them 
shall not be long enough to make it worth while for 
passengers to walk instead of to ride. 

To carry out such a rapid service effectually, it is not 
only necessary to provide up and down lines, but to 
keep them as nearly as possible free from the ordinary 
street traffic. This in some places, especially in many 
of the busy streets of London, would not be- possible. 
In New York and other American cities, all classes of 
the people have, however, become so used to ride in 
the tramway cars, and long habit has made them feel 
so great a need of them, that the regular working of 
the cars is looked upon as more important than the in* 
terference with a portion of the ordinary street traffic. 

To give an idea of. the amount of tramway traffic 
actually carried on in some parts of New York City, we may 
mention that along Church Street, which is only 20 feet 
wide, there are four lines of way, and on each of these 

E 
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lines cars are running from 7 a.m. to 7 p.m. at intervals 
of about two minutes. This gives a total of about 
120 cars per hour, or 1440 in twelve hours. In Ann 
Street, which is under 17 feet wide, there are twenty- 
two cars per hour between 10 a.m. and 6 p.m. The 
average number of passengers now carried in each year 
on the tramways in Philadelphia is about 65,000,000, 
and in Brooklyn and New York City no less than 
about 200,000,000. No better proof than this can be 
given of the surprising extent to which tramways are 
there used. 

Fares. — At the last meeting of the Social Science 
Association, the President, Lord Eosebery, pointed out 
that municipal improvements and the increased value 
of land in towns make it necessary for the working 
classes to seek dwellings outside the towns ; but that as 
this has carried them away from their occupations, it 
becomes necessary for them to have a cheap and easy 
means of locomotion. Lord Eosebery considered that 
in a great measure this can be effected by tramways, 
and he remarked " they are the inconvenience of the 
opulent and the luxury of the poor." This is doubtless 
very true to a great extent, although their use, even in 
this country, is by no means restricted to the artisan 
classes, for thousands of business men and women of all 
kinds gladly use them. They are, however, essentially 
for those who cannot afford to pay much for the con- 
venience of riding, and cheap fares should therefore be 
adopted. 

In this country one penny per mile is the maximum 
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authorized fare, but on most lines less than this is 
charged. Americans are accustomed to pay much more 
than Englishmen for almost everything, yet the usual 
tramway fares in the United States do not exceed five 
to seven cents for a journey from end to end of any 
line. In New York City a uniform fare of five cents 
(about 2%d.) is charged on all the lines, and no tickets 
are used. But in many other American cities tickets are 
used, and when several are bought a rebate is allowed. 
Thus where a single fare is, say, six cents, twenty 
tickets are sold for a dollar, or at the rate of five cents 
each. In Philadelphia counters are used, made of horn 
or hard indiarubber composition. These are sold at 
various places, and in all the cars. Each counter 
entitles the holder to a single journey on any company's 
line, and if a passenger requires to travel on the lines 
of two different companies (supposing his destination 
cannot be reached by one direct line), he can, on pre- 
senting a counter at the end of his ride on the first line, 
obtain an " exchange " from the conductor for half a 
fare more to complete his journey. 

Checking Receipts of Cond/nctors. — Various means 
have been tried to ensure all the money paid by pas- 
sengers being handed over to the tramway proprietors ; 
but all the check systems hitherto tried are either 
inefficient, or interfere too much with the convenience 
and comfort of passengers ; and the most difficult task 
of a tramway manager is to prevent any tampering 
with the traffic receipts. 

On an ordinary railway, no passenger is allowed to 

e 2 
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travel without having purchased a ticket before entering 
the train, and he knows that not only at his destination 
but at intermediate stations he may at any time be 
called on to produce it, and so he cannot possibly 
travel without paying his fare. Besides this, all tickets 
are issued from a booking office ; the clerk there is 
obliged to account to his employers for every ticket 
issued, and no money can be dishonestly taken by him. 
Nor can there be collusion between the passenger and 
the different sets of officials who may call on him to pro- 
duce his ticket. Thus the check is practically perfect. 

On a street railway or tramway it is, however, very 
different ; for although on some lines tickets are sold to 
those passengers who take the trouble to purchase 
them beforehand, the majority of those who ride in 
tramway cars are not ticket-holders, but pay their fares 
in money to the conductor. At the end of each journey 
the conductor is supposed to hand over all he has 
received ; but as there is no intermediate collector, he 
is tempted to keep back some portion of the earnings. 
On many lines tickets with counterfoils are given to 
the conductors; but this is practically no check, for 
the conductor who issues the tickets also collects them, 
and he can find the means of reissuing old tickets for 
his own particular benefit. 

Where the fares are uniform it is more easy to check 
the receipts by mechanical means; but where two or 
more different fares are charged, as on nearly all the 
English lines, it is found practically impossible to 
ascertain the exact amount received by the conductors. 
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Dials with bells attached are extensively used on the 
Continent; but in England the public are either too 
negligent or too indifferent to see that the conductor 
correctly records the number of passengers, and they 
are practically useless. We recently advised the 
directors of a tramway company to offer a premium 
for the best system of checking the receipts of con- 
ductors, and as a consequence we had to investigate 
the proposals of no less than forty-five competitors ; but 
although many showed great ingenuity, not one of 
them met the real difficulty of compelling the conductors 
to give correct returns of their receipts. 

In the United States, a glass fare-box * is exten- 
sively used; and since its first adoption at New 
Orleans, in 1861, it has been found to answer on 
lines where small cars are used, and where the 
number of passengers is not very great. Where it 
has been used, the traffic returns have augmented, 
and in some cases they have even doubled. But this 
system cannot be depended on where the fares are 
varying, or where there are very many passengers to 
attend to. 

A more recent invention is the " bell-punch " system. 
In this every passenger is required to take a ticket 
from the conductor, who carries a small punch with 
which he is required to punch a hole in every ticket 
he issues. The punch is so contrived that every time 
it is used a little bell rings inside the framework, and 
the conductor cannot pretend to punch an old ticket 

* See page 22. 
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without ringing the belt When this bell rings a 
record is automatically made on a dial, thus registering 
the number of passengers to whom tickets are issued. 
This is an ingenious invention, and is found to answer 
better than the other check systems hitherto tried; 
but the royalty asked for its use in this country is 
so great, that it has prevented its being generally 
adopted. 

Registering turnstiles have been tried, but they are 
found practically unworkable in the United States and 
this country, for the space at the ends of the cars where 
passengers have not only to enter but to leave, is too 
confined, and as tramway companies have to cater for 
the public, they cannot adopt a contrivance of which 
the public disapprove. 

It is estimated that the London General Omnibus 
Company and several tramway companies lose about 
10 per cent, of the gross receipts of the conductors, 
and on some lines the loss is believed to be even more - 
the great importance of this subject cannot therefore 
be overlooked. A tramway conductor, in New York, on 
being asked as to how he managed to live on his pay, 
naively remarked that his pay was not a "circumstance," 
and that he did not pretend to live on his salary, but on 
his perquisites. A careful selection of drivers and con- 
ductors will, to a certain extent, prevent dishonest deal- 
ings, but this cannot be relied on, and the following may 
be given as a practical illustration of the intimidation 
and corruption practised. On a well-known London 
line the manager removed some conductors suspected 
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of dishonesty, and replaced them by men of undoubtedly 
good character, whose honesty was vouched for by 
responsible persons. This is what followed: On the 
first day the money handed in by the new conductors 
was considerably in excess of what had been received 
from the dismissed conductors. On the second and 
third day there was a similar result. The manager 
praised the conductors, and was hopeful that at last he 
had put an end to the pilferings. On the fourth day, 
however, there was a marked change for the worse; 
and on the fifth an$ sixth days the result was even 
more unsatisfactory. On being pressed for an explana- 
tion, one of the new conductors said that it was simply 
this. On the first day his driver was very civil, and did 
all he could to procure passengers, so that the earnings 
might be as much as possible. On the second day, the 
driver intimated that it was usual for the conductor to 
treat him with a chop and some brandy. The new con- 
ductor declared he would not rob his employers for the 
sake of the driver, and the latter simply said he would 
compel him to do so. The driver, however, continued 
to assist the conductor to get as many passengers as 
possible. On the third day, he repeated his request to 
be treated, but the conductor still refused. On the 
fourth day, the driver took the offensive, and intimated 
to the conductor that unless he treated him in the usual 
way he would not stop the car for passengers, so that 
the conductor's earnings should be considerably re- 
duced. He said the directors knew from the returns of 
the three previous days what the conductor could earn, 
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and that if they found there was a sudden diminution 
they would suspect the conductor of dishonesty and 
probably dismiss him ; and to ensure this result he 
added that he would tell the manager that the earn- 
ings had been the same as before, and that the dif- 
ference in amount had been taken by the conductor for 
his own use. The conductor held out, and the driver 
fulfilled his threat, the effect of which was an immediate 
decrease in the receipts. 

It is of course impossible to ensure that all the 
drivers and all the conductors shall not only be strictly 
honest when they are first engaged, but that they shall 
remain so when temptation has been put in their way, 
and when they have learnt how easy it is to evade 
detection. Every encouragement should therefore be 
given to inventors for mechanical or other suitable 
means of compelling conductors to account for all they 
receive ; and until a satisfactory system is adopted the 
profits of tramway and omnibus companies will con- 
tinue to be seriously affected* 
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V. CONCLUDING EEMAEKS. 

Tramways are undoubtedly popular in America, and 
in many instances they yield remunerative profits. In 
the United States and Canada there is hardly a city 
with a population of 10,000 to 15,000 in which there 
is not at least one line. In the State and City of New 
York there are over eighty different companies whose 
lines are situated either wholly or partly in that State. 
In fact, in the United States, as we have already men- 
tioned, tramways are used by all classes of society, and 
are considered necessary public institutions. They have 
been extendednn the most comprehensive manner along 
the busy lines of traffic in nearly all the large cities, so 
that passengers can ride to and from nearly all the 
leading places, and consequently very few people think 
it worth while to walk. 

In England, no comprehensive system has yet been 
tried ; all the lines at present in use are independent 
and do not correspond with one another. This is 
especially the case in London, where tramways are 
entirely prohibited in the City, and where they cannot 
even be laid across the bridges over the Thames, nor 
along many of the chief omnibus routes, such as 
Oxford Street, Tottenham Court Eoad ; &c. The reason 
of this is partly because there are so many different 
road authorities whose sanction it is necessary to obtain, 
but from whom it is practically impossible to look for 



58 TBAMWAYS: THEIB CONSTRUCTION AND WORKING. 

united action; for they consist of such heterogeneous 
bodies as the Corporation of London, the Metropolitan 
Board of Works, and the different Vestries. The chief 
reason, however, of tramways not having been more 
generally tried in this country, is that they are not 
considered so necessary here as in countries not so well 
supplied with other public vehicles. 

Captain Tyler well explains this in the following 
remarks : 

« The comparatively good condition of the road surfaces, 
the common use of cabs and omnibuses, and the number of 
those vehicles available for general purposes at reasonable 
fares, have all combined to render tram rails less necessary 
here than elsewhere. The numbers of private vehicles in 
use, whose owners naturally look upon tramways with 
suspicion, if not with absolute dislike, are also greater. 
Certain vested interests are or have been more or less opposed 
to tramways ; the numerous bodies by whom the streets are 
owned or maintained are difficult to deal with, with a view 
to combined permissions for complete tramway routes ; and 
the existing railway and omnibus companies cannot, in many 
cases, consider tramway companies otherwise than as formid- 
able competitors." 

And he adds : 

" In the principal cities of the United States of America 
the street-car is, as I have observed in that country, an 
indispensable institution. The long distances to be traversed, 
the generally bad condition of the streets and roads, and the 
comparative want of other vehicles, combine to bring it into 
constant use for all classes ; and the habits of the people 
having thus been formed, the irregularities between the rails 
and the roads are of less importance than in this country, 
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the tramway companies now at work in L/ndon are 
earning remunerative returns ; and when longer expe- 
rience has taught them how to reduce farther the work- 
ing expenses, and to check more completely the receipts 
of the conductors, they will rank as financially suc- 
cessful undertakings. 

The large development of the railway system in all 
parts of England daring the last fifteen or twenty years, 
has led persons of all classes to travel much more than 
formerly, and it is almost a truism to say that increased 
facilities for locomotion almost invariably lead to in- 
creased traffic. Of necessity, the greater the nomber 
of passengers conveyed from the provinces to a town, 
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united action; for they consist of such heterogeneous 
bodies as the Corporation of London, the Metropolitan 
Board of Works, and the different Vestries. The chief 
reason, however, of tramways not having been more 
generally tried in this country, is that they are not 
considered so necessary here as in countries not so well 
supplied with other public vehicles. 

Captain Tyler well explains this in the following 
remarks : 

" The comparatively good condition of the road surfaces, 
the common use of cabs and omnibuses, and the number of 
those vehicles available for general purposes at reasonable 
fares, have all combined to render tram rails less necessary 
here than elsewhere. The numbers of private vehicles in 
use, whose owners naturally look upon tramways with 
suspicion, if not with absolute dislike, are also greater. 
Certain vested interests are or have been more or less opposed 
to tramways ; the numerous bodies by whom the streets are 
owned or maintained are difficult to deal with, with a view 
to combined permissions for complete tramway routes ; and 
the existing railway and omnibus companies cannot, in many 
cases, consider tramway companies otherwise than as formid- 
able competitors." 

And he adds : 

" In the principal cities of the United States of America 
the street-car is, as I have observed in that country, an 
indispensable institution. The long distances to be traversed, 
the generally bad condition of the streets and roads, and the 
comparative want of other vehicles, combine to bring it into 
constant use for all classes ; and the habits of the people 
having thus been formed, the irregularities between the rails 
and the roads are of less importance than in this country, 



CONCLUDING REMABKS. 59 

where the great majority of vehicles for street traffic require 
a good road only, and are inconvenienced rather than benefited 
by a tramway. 

" Under these circumstances, while it is plain, on the one 
hand, that street tramways, with cars affording superior 
accommodation, conveying greater numbers of passengers, 
running at higher speed, and charging lower fares than the 
ordinary omnibuses, would be of immense advantage to 
travellers to and from the suburbs of London, in the larger 
towns and cities of this country, and along certain of the 
country roads, it is very desirable, on the other hand, that the 
tramways should be so laid, and so kept in repair, as not to 
become a source of annoyance, and an occasion of complaint, 
to the owners or drivers of vehicles using the roads and not 
wishing to use the tramways." 

We are glad to state that, even with the drawback of 
not being able to approach the great centres of traffic, 
and to run along the leading thoroughfares, and notwith- 
standing the numerous restrictions imposed upon them, 
the tramway companies now at work in London are 
earning remunerative returns ; and when longer expe- 
rience has taught them how to reduce further the work- 
ing expenses, and to check more completely the receipts 
of the conductors, they will rank as financially suc- 
cessful undertakings. 

The large development of the railway system in all 
parts of England during the last fifteen or twenty years, 
has led persons of all classes to travel much more than 
formerly, and it is almost a truism to say that increased 
facilities for locomotion almost invariably lead to in- 
creased traffic. Of necessity, the greater the number 
of passengers conveyed from the provinces to a town, 
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the more are the streets of that town crowded ; and an 
increasing want is then felt of a cheap and easy means 
of conveyance to and from places of business and of 
general resort. Omnibuses supply this want to a great 
extent, but in many places tramways are better fitted 
for the work : and this has been proved in New York, 
Brooklyn, Philadelphia, and other American cities, 
where the use of tramways has almost entirely super- 
seded that of omnibuses; in fact, the owners of the 
latter have been obliged to yield to the competition of 
the superior vehicles, and to remove the omnibuses 
from the tramway routes. 

On the other hand, in England, where the tramway 
system is not a comprehensive one, the omnibus traffic 
has not suffered as was expected ; on the contrary, the 
traffic returns of the London General Omnibus Com- 
pany show that the receipts have increased since the 
introduction of tramways in London. 

We are inclined to think there is a large and 
profitable opening for tramways in many parts 
of England, but at the same time we entirely 
agree with the following observations, of Captain 
Tyler : 

" From what I have seen of street tramways in this country 
and in America, I am quite disposed to believe that they will 
be beneficial in an important degree in affording increased 
facilities for communication to the great mass of the popula- 
tion in the districts in which they are laid down, though they 
must be, to some extent, an inconvenience — and much more 
in this country than in America — to those who require ot 
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desire to use the streets with vehicles other than tramway 
cars. The measure of this inconvenience will depend, partly 
upon the care and efficiency with which the tramway traffic 
is worked, and partly upon the way in which the street 
surfaces are constructed, and the condition in which, they 
are maintained. Without underrating the importance of the 
former, it may be stated that the success or failure of the 
tramway system will depend mainly upon the latter of these 
two conditions." 

No general rule can be given for estimating the 
probable revenue of a proposed line of tramway, as this 
must, of course, depend to a great extent on local 
circumstances. In all cases great care should be taken 
in the selection of the routes, and the cost of construc- 
tion and equipment should be fairly proportioned to 
the probable amount of traffic. Several of the lines 
first tried in America were badly designed and con- 
structed, and had to be relaid at great extra expense ; 
besides this, over sanguine promoters under-estimated 
the first cost, and over-estimated the probable profits, 
and loans had to be raised to complete the construction, 
as well as provide for the equipment. For these 
reasons many of the early companies were unsuccessful, 
but those more recently formed profited by the expe- 
rience gained on the lines first made, and adopted more 
efficient and at the same time less costly modes of con- 
struction. On the whole, tramways are now looked on 
in America as sound permanent investments, and they 
certainly pay extremely well in many European cities. 

A noticeable feature in tramways is, that when once 
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they have been fairly established their earnings are 
nearly constant ; they do not depend on the carriage of 
merchandise, and are very little influenced by the 
fluctuations of trade. Even in times of commercial 
panic there is little or no diminution in the number of 
passengers. 
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APPENDIX (B). 

Extract from General Eailroad Aot relating to Horse 
Bailroads in the State of New York. 

§ 2. " Every railroad corporation in this State whose road is 
operated by horse power exclusively, or by steam-dummy cars 
exclusively, or partly by horse power and partly by steam- 
dummy cars, and every such railroad corporation which shall 
hereafter be organized, shall make an annual report to the 
State Engineer and Surveyor of the operations of the year 
ending on the 30th day of September ; which report shall be 
verified by the oaths of the treasurer or president and acting 
superintendent of operations, and be filed in the office of the 
State Engineer and Surveyor by the 1st of December in each 
year, and shall state : 

1. The amount of capital stock. 

2. The amount of stock subscribed. 

3. The amount paid in, as by last report. 

4. The total amount now of capital stock paid in. 

5. The funded debt, as by last report. 

6. The total amount now of funded debt. 

7. The floating debt, as by last report. 

8. The amount now of floating debt. 

9. The total amount now of funded and floating debt. 

10. The average rate per annum of interest on funded debt. 

Cost of Boad and Equipment. 

11. For road-bed and superstructure, including iron, by last report. 

12. The total amount now expended for the same. 

13. For land, buildings, and fixtures, including land damages, by last 

report. 

14. The total amount now expended for the same. 

15. For dummy cars, horses, mules, and harness, by last report. 

16. The total amount now expended for the same. 

17. For cars and sleighs, by last report. 

18. The total amount now expended for the same. 

19. Total cost of road and equipment. 
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Characteristics of Boad. 

20. Length of road, in miles. 

21. Length of road laid. 

22. Length of doable track, including sidings. 

23. Weight of rail, by yard. 

24. The number of dummy cars, of cars, and of horses and mules. 

25. The total number of passengers carried in cars. 

26. The total number of tons of freight carried in cars. 

27. The rate of fare for passengers. 

28. The average time consumed by passenger cars in passing over the 

road. 

Expenses of Maintaining the Boad and Beal Estate. 

29. Eepairs of road-bed and railway (including iron), and repairs of 

buildings and fixtures. 

30. Taxes on real estate (to include all taxes, except for United States 

revenue). 

31. Total cost of maintaining road of real estate. 

Expenses of Operating Boad, and for Repairs. 

32. General superintendence. 

33. Officers, clerks, agents, and office expenses. 

34. Conductors, drivers, and engineers on dummy cars. 

35. Watchmen, starters, switchmen, roadmen, &c. 

36. Repairs of dummy cars. 

37. Repairs of cars and sleighs. 

38. Repairs of harness, including materials and labour. 

39. Horse-shoeing, including materials and labour. 

40. Horses and mules. 

41. Stable expenses. 

42. Feed, grain, hay, &c, including expense of grinding. 

43. Fuel, gas, and lights. 

44. Oil and waste. 

45. Water tax. 

46. Damages to persons and property, including medical attendance. 

47. Law expenses. 

48. Rents, including use of other roads, ferries, &c. 

49. Insurance. 

50. Advertising and printing. 

51. United States tax on earnings. 

52. Contingencies. 
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53. Total expense of operating road and repairs. 

54. Eeceipts from passengers. 

55. Receipts from freight. 

56. Eeceipts from all other sources, specifying what, in detail. 

57. Total receipts from all sources during the year. 

58. Payments for transportation, maintenance, and repairs. 

59. Payments for interest. 

60. Payments for dividends on stock, amount, and rate per cent. 

61. All other payments, specifying what, in detail. 

62. Total payments during the year. 

63. The number of persons injured in life and limb ; the cause of the 

injury, and whether passengers, employes, or other persons. 
Also whether such accidents have arisen from carelessness or 
negligence of any person in the employment of such corporation, 
and whether such person is retained in the service of the corpo- 
ration. 

§ 3. " Any railroad corporation which shall neglect to 
make the report, as is provided in the preceding section, 
shall be liable to a penalty of 250 dollars, and an additional 
penalty of 25 dollars for each day after the 1st day of 
December, on which they shall neglect to file said report, as 
provided in said section, to be sned for in the name of the 
people of the State of New York, for their use." 
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plates, 8vo, cloth 28 o 

Bridges. 

Military Bridges, with suggestions of new expedients 
and constructions for crossing streams and chasms, 
including also designs for Trestle and Truss Bridges 
for Military Railways, by Herman Haupt, A.M., C.E., 
69 plates, 8vo, cloth 30 o 
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Bridges. 

Treatise on the Theory of the Construction of Bridges 
and Roofs, illustrated with numerous wood engravings, 
by De Volson Wood, 8vo, cloth 15 

Bridges. 

General Theory of Bridge Construction, containing 
Demonstrations of the Principles of the Art, and their 
applications to practice, furnishing the means of calcu- 
lating the strains upon the chords, ties, braces, and 
other parts of a Bridge or Frame of any description, 
with practical Illustrations, by Herman Haupt, C.E., 
8vo, cloth 16 

Bridges. 

Memoir of the Niagara Falls and International Sus- 
pension Bridge, by J. Roebling, with 22 plates — The 
Paddock Viaduct, by J. Hawkshaw, 4 plates — The 
Denby Dale Viaduct, by J. Hawkshaw, 3 plates — 



p. Newark Dyke Bridge, by J. Cubitt, 10 plates — Mountain 

^ Top Tract in Virginia, by E. Ellet — Preliminaries to 

j Good Building, by E. Garbett, etc., royal 8vo, cloth 12 6 

J Bridges. 

A Treatise on the Strength of Bridges and Roofs, with 
practical applications and examples for the use of 
Engineers and Students, by S. H. Shreve, M.A., C.E., 
8vo, cloth £1 40 

Bridges. 

Iron Truss Bridges for Railroads, Methods "of Calcu- 
lating Strains, with a comparison of the most prominent 
Truss Bridges, and New Formulas for Bridge Compu- 
tations, also the Economical Angles for Struts and 
Ties, by W. E. Merrill, U.S.A., plates, 4to, cloth 25 o 

Bridges. 

Practical Formulae and General Rules for Finding the 
Strain and Breaking Weight of Wrought- Iron Bridges, 
with sundry useful Tables, by Charles Hutton Dowling, 
C.E., with cuts, post 8vo, cloth 1 o 

Bridges. 

The Kansas City Bridge, with an account of the regi- 
men of the Missouri River, and a description of methods 
used for sounding in that river, by O. Chanute, Chief 
Engineer, and George Morison, Assistant Engineer, 
with folding plates and woodcuts, 4to, cloth 25 o 



ft. & F. N. Spon, 48, Charing Cbobs, London. li 



Builders' Price-Book. 

Spoils' Builders' Pocket-Book of Prices and Memo- 
randa, edited by W. Young, architect, royal 32mo, roan 
or cloth, vermilion edges 
Published annually* 

Contents : 



4 6 
3 6 



Ancient Lights, Table of and Rules for 

Calculating. 
Approximate Cost of Buildings, by 

Cubing. 
Arches, Architects' Charges. 
Bricklayers' Useful Memoranda. 
Carpenters' and Joiners' Useful Me- 
moranda. 
Cast-Iron Hollow Columns, Table of. 
Cements, Composition and Strength of. 
Chimneys, How to Build. 
Chimneys, Smoky, Cause and Cure of. 
Churches, Rules of Incorporated 

Society. 
Circle, Properties of. 
Coals, Space occupied by, and Weight 

of. 
Columns, Strength of. 
Concrete Building. 
Concrete under Water. 
Corrugated Iron Roofing. 
Cubical Contents of Floors, Roofs, 

etc., Table of. 
Damp Walls, Recipe for. 
Decay of Wood, Cause and Cure of. 
Dimensions of English Cathedrals and 

Halls. 
Drainage of Land. 
Drainage of Towns, Cost of. 
Drains and Sewers. 
Excavators' Useful Memoranda. 
Fire and Insurance Memoranda. 
Five Orders of Architecture. 
Floors and Joists, Table of Wood. 
Footings of Walls. 
Gasfitters' Useful Memoranda. 
Gas Supply. 
Girders of Wood and Iron, Strength 

of, and Table of Safe Loads. 
Heat. 

Heights, Measurable. 
Hoop Iron. 

Iron Roofs, Examples of. 
Lightning Conductors. 
Limestones. 



Loads on Roofs and Floors. 

Measurement of Builders 7 Work. 

Mensuration. 

Mortar, Smeaton's; as used at Eddy- 
stone Lighthouse. 

Mortars. 

Nomenclature, Architectural. 

Norman, Early English, Decorated, 
and Perpendicular Mouldings, Ex- 
amples of. 

Paviors' Memoranda. 

Perspective. 

Piers and Pillars. 

Piles. 

Plasterers' Memoranda. 

Plumbers' Memoranda. 

Preservation of Wood and Stone. 

Rainfall. 

Retaining Walls. 

Rolled Iron Joists. 

Roofs, Table of Scantling, etc. 

Ropes. 

Stone, Building, Component Parts, 
Colour, Weight, Strength, and Price 
of Building Stones in England and 
Scotland. 

Surveying. 

Symbolism. 

Tenacity of Materials. 

Thickness of Walls. 

Timbers, Quality, Weight, and 
Strength of. 

Valuation of Property. 

Ventilation. 

Warming by Steam. 

Water, Hot. 

Water Supply. 

Waterworks. 

Weight of Metals and all Materials 
used in Building, 

Wells. 

Wind, Pressure of. 

Zinc-workers' Memoranda. 

Excavators' Prices. 

Bricklayers' Prices. 
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Masons' Prices. 
Marble Masons' Prices. 
Terra-cotta Prices. 
Paviors' Prices. 
Carpenters' Prices. 
Joiners' Prices. 
Steam-made Joinery Prices. 
Ironmongers' Prices. 
Slaters' Memoranda. 



Slaters' Prices. 

Tilers' Prices. 

Plasterers' Prices. 

Plumbers' Prices. 

Smiths' and Founders' Prices, 

Zinc - workers' and Bell - hangers' 

Prices. 
Painters' and Paper-hangers' Prices. 
Glaziers' Prices. 



Bridges. 

Economics of Construction in relation to Framed 
Structures. Contents : Classification of Framed Struc- 
tures or Trusses, Diagrams of Forces, with numerous 
examples, by Robert H. Bow, C.E., F.R.S.E., illus- 
trated by 332 diagrams of Roofs and Bridges and 16 
plates, 8vo, cloth 



Bridges. 

An Elementary and Practical Treatise on Bridge 

v Building, an enlarged and improved edition of the 

author's original work, by S. Whipple, C.E., Albany, 

A 7 / New York, Inventor of the Whipple Bridges, etc., etc., 

^ \ * with wood engravings, 8vo, cloth 21 o 

L British Wines. 

The whole art of making British Wines, Cordials, and 
Liqueurs in the greatest perfection, also Strong and 
Cordial Waters ; to which is added a collection of 
Valuable Receipts for Brewing Fine and Strong Welsh 
Ales, etc., by James Robinson, fcap. 8vo, cloth 2 6 

Builders' Tables. 

Builders' and Contractors' Tables, for the use of • 
Engineers, Architects, Surveyors, Builders, Contractors, 
Land Agents, etc., by Henry Laxton, C.E., containing 
53 Tables, 4to, cloth 5 o 

Cements. 

Practical Treatise on Limes, Hydraulic Cements, and 
Mortars, containing results of numerous experiments, 
etc., by Major Q. A. Gillmore, cuts, royal 8vo, cloth 18 o 

Channel Railway '(The). 

; Connecting England and France, by James Chalmers, 

1 second edition, plates, 8vo, cloth 2 o 
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Cabinet Making. 

The Cabinet Maker ; being a Collection of the most 
approved designs in the Mediaeval, Louis-Seize, and 
Old English styles, for the use of Cabinet Makers, 
Carvers, etc., by R. Charles, g6 plates, folio, half-bound 
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Contents : 
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Plate 
i. Louis-Seize Console Table, with 
3-plate frame. 

2. A ditto Chimney Glass. 

3. An Oval ditto ditto 

4. Louis-Seize Window Cornice and 
Draperies. 

5. Dining Room ditto ditto 

6. Ovolo Cabinet. 

7. Ditto ditto, open-ended. 

8. 9. Sideboards. 
10. Hat-stands. 

Interior Decoration (O. W. 
Davis). 

13. Pier Table. 

14, 15. Window Cornices. 

16. Sideboard. 

17. Wardrobe. 

18. Ditto 

19. Bedstead. 

20. Ditto 

21. Dressing Table. 

22. Washstand Pedestal and Towel- 

horses. 

Internal Decoration, "Black 

Horse," Rathbone Place (O. 

W. Davis). 

25. Sideboard (by E. Lorimer). 

26. Dinner Waggon. 

27. Dinner Table Legs (various). 

28. Dining Room Chairs. 

29. Arm Chairs (Tudor). 

30. Dining Room Chair and Sofa. 

31. Ditto ditto Chimney Glass. 

32. Window Cornices. 

33. Ditto ditto 

34. Ditto ditto 

35. ( "Black Horse," Rathbone 

36. \ Place. 

37. Old English Sideboard. 

38. Wall Decoration. 

39. Window Cornices. 



23. 
24. 



Plate 

40. Window Cornices. 

41 to 47. Dining Room Chairs. 

48. Chair Legs (various). 

49. Judge's Chair. 

50. Dining Room Glass Frame. 

51. Window Poles. 

52 to 56. Window Cornices. 

57. Lounging Chairs. 

58. Ornamental Panel. 

60 1 Veiling Decoration (Dome). 

61. Sideboard (Mediaeval). 

62. Expanding Dining Tables. 

63. Dining Room Chairs (Mediseval). 

64. Ditto ditto and Sofa. 

65. Ditto ditto. 

66. Glass Frame ditto ditto 

67 to 72. Window Cornices (Mediaeval). 

73. Sideboard (Mediaeval). 

74. Dinner Waggon (Mediaeval). 

75. Ovolo-ended Side Table. 

76. Sideboard (Mediaeval). 

77. Cabinet Bookcase (Mediaeval). 

78. Cabinet (ditto) 

79. Writing Tables (ditto) 

80. Dressing Table (ditto) 

81. Washstand (ditto) 

82. Bedstead (ditto) 

83. Window Cornices (ditto) 

84. Ditto ditto (ditto) 

85. Sideboard (ditto) 

86. Ditto (ditto) 

87. Writing Table and Davenport, 

(Mediaeval). 

88. Chairs (various) (Mediaeval). 

89. * Sideboard (Mediaeval). 

90. 91, 92, Bedsteads (ditto) 

93. Cornices (ditto; 

94. Neo. Grec. Sideboard. 

95. 96. Ditto ditto 
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Carpentry. 

Elementary Principles of Carpentry, by Thomas TrecU 
gold, revised from the original edition, and partly 
rewritten, by John Thomas Hurst, contained in 517 
pages of letterpress, and illustrated with 48 plates and 
150 wood engravings ; crown 8vo, handsomely bound 
in cloth 18 o 



Section I. — On the Equality and Dis- 
tribution of Forces. 
,, II. — Resistance of Timber. 
,, III, — Construction of Floors. 
IV. — Construction of Roofs. 
V. — Construction of Domes 



»» 

it 



Section VIII. — Construction of Cen- 
tres for Bridges. 
,, IX. — Coffer-dams, Shoring, 

and Strutting. 
,, X, — Wooden Bridges and 

Viaducts. 

and Cupolas. | ,, XI. — Joints, Straps, and 

VI. — Construction of Partitions. other Fastenings, 

VII. — Scaffolds, Staging, and 1 ,, XII. — Timber. 

Gantries. I 



" A considerable time having elapsed since the publication of the second 
edition of this work, which was the last that had been revised by the author, 
his death occurring soon after, a new edition that would embrace recent 
improvements and examples was much required. Our stock of knowledge 
regarding the strength of materials has been largely increased, owing to toe 
labours of Hodgkinson, Kirkaldy, and others. The rapid development of the 
railway system throughout the world has contributed greatly to the introduc- 
tion of new methods and to the multiplication of examples in the art of 
construction. More perfect and scientific appliances in the erection of large 
works have been substituted for the primitive methods used in the last genera- 
tion. These have all tended more or less to tax the ability and knowledge of 
the carpenter. The opening up and development of the resources of new 
countries have introduced varieties of timber, many of them possessing useful 
properties, not the least of which is that of resisting the attack of sea-worms 
and insects — a cause of destruction that has hitherto been a source of much 
anxiety to the Profession. 

" In order to adapt this work as far as possible to the requirements of the 
modern carpenter, it has been necessary to rewrite the articles on Pillars, 
Bridges, and Timber ; to add new sections on Coffer-Dams, Scaffolds, etc., 
and to revise the remainder of the work throughout. And for the more 
complete illustration of these subjects several new plates and woodcuts have 
been added. 

" The Editor trusts that this edition will merit the confidence of the Pro- 
fession as a book of reference, and afford at the same time valuable assistance 
to the student." 



Chemical Substances. 

First Outlines of a Dictionary of Solubilities of Chemi- 
cal Substances, by Frank H. Storer, royal 8v0j cloth 32 Q 
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Chemical Analysis. 

Now publishing in parts ; A Cyclopaedia of Quan* 
titative Chemical Analysis, by Frank H. Storer, A.M., 
Professor of General and Analytical Chemistry in the 
Massachusetts Institute of Technology. Part I., imp. 
8vo, sewed 7 6 

Part II. 76 

This work will be welcomed by all who take an interest in chemistry as a 
step in the right direction. In compiling the book, the object of the author 
(well-known to the scientific public as an accomplished savant and an excellent 
editor of several valuable works) has been not only to provide the student 
and working chemist with a comprehensive dictionary of quantitative processes, 
but to call the attention of the chemical fraternity to the question of the possi- 
bility of presenting this branch of chemistry in a more serviceable and manage- 
able form than has been customary hitherto. The work, indeed, in its first 
edition is to be considered as an experiment only. The substances are classified 
in alphabetical order, and every process is referred to the fundamental fact or 
principle upon which it depends. As instances of the method adopted by the 
author we give the following extracts : 

Acetic Acid. — Principle I. Power of neutralizing alkaline solutions. 
Applications : Estimation of free acetic acid in vinegar, pyroligneous acid and 
other aqueous solutions (Method A) ; Determination of acetic acid in certain 
acetates from which caustic soda precipitates insoluble hydrates or oxides 
(Method B). Method A. — A weighed or measured quantity ( 10 grms. of vinegar 
will be enough in most cases) of the solution to be examined is reddened slightly 
with litmus, and then treated with test-alkali until the whole of the acid is 
neutralized, and the colour of the litmus changed to blue (see Acidimetry), 

Antimony [Compare antimony compounds.] — Antimony is estimated as 
metallic antimony, as sulphide of antimony, antimoniate of antimony, antimo- 
niate of sodium, or by titration, as has been explained under antimonious acid. 
Principle I. Sparing solubility of the metal in chlorhydic acid, 

Cantharidin, — Principle. Sparing solubility in bisulphide of carbon and 
in alcohol. 

Carbonate of Lead, — Principle J. Insolubility in cold water. Applica* 
tions : Estimation of lead in all salts of that metal which are soluble in water, 
or from which the lead can be dissolved by nitric acid : separation of Pb. from 
Mn. 

These few instances may give the reader some idea, though a very inadequate 
one, of the mode of treatment of the matter and arrangement of the subject. 
It would be impossible to enter into minute details of this work, which indeed, 
when completed, will be for analytical chemistry what Watt's * Dictionary ' is 

for chemistry in general ....... Professor 

Storer's work cannot fail to be a great boon to all chemists ; for compiling it we 
feel greatly indebted to the talented author. We trust that both the author and 
publishers will find their labours duly appreciated. — Chemical News, Dec. 16, 
1870. 

Chimneys. 

Designs for Factory, Furnace, and other tall Shafts, 
by R. Rawlinson, 24 plates, containing plans, elevations, 
and sections of tall Chimneys, folio, cloth £220 
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Chimneys. 

A Practical Treatise on Chimneys; with a few 
remarks on Stoves, the Consumption of Smoke and 
Coal ventilation, etc., by C. F. Eckstein, post 8vo, cloth i 6 

Chimney Pieces. 

Designs for Chimney Pieces, by George Gordon 
Hosking, Fellow of the Royal Institute of British 
Architects, dedicated (by permission) to Alfred 
Waterhouse, Esq., F.R.I.B.A., in one vol. royal folio, 
56 fine lithographic plates •, toned paper, interleaved, 
handsomely bound in cloth gilt, antique style, gilt edges 63 o 

The want of a Book of Designs for Chimney Pieces of a new and thoroughly 
practical character has long been felt. In the present work will be found great 
variety, each design being accompanied by details, drawn to a scale of one 
quarter the full size. 

Civil Engineering. 

An Elementary Course of Civil Engineering, by D. H. 
Mahan, M. A., new edition, revised and edited, with addi- 
tions, by De Volson Wood, numerous cuts, 8vo, cloth 21 o 

Contents : 
Building Materials, Strength of Materials, Masonry, Framing Bridges, 
Roads, Railways, Canals, Sea-Coast Improvements, etc. 

Civil Engineering. 

Engineering Notes, by Frank Robertson, F.R. Astron. 
Soc, late first Lieut. R.E., and Civil Engineer Public 
Works Department in India, 8vo, cloth 12 6 

The object of this work is to supply an exhaustive digest of all that is known 
on each subject, so far as is necessary and sufficient for an Engineer in Practice. 

Clockwork. 

The New and Complete Clock and Watchmaker's 
Manual, comprising descriptions of the various Gear- 
ing Escapements, and Compensations now in use in 
French, Swiss, and English Clocks and Watches, 
with an Appendix, containing a History of Clock and 
Watchmaking in America, by M. L. Booth, numerous 
engravings, post 8vo, cloth % 6 6 

Coach Fainting. 

A Complete Guide for Coach Painters, translated 
from the French of M. Arlot, Coach Painter, by A. A. 
Fesquet, Chemist and Engineer, to which is added 
an Appendix containing information respecting the 
materials and the practice of Coach and Car Painting 
and Varnishing in the United States and Great 
Britain, post 8vo, cloth 6 o 
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Coffee. 

The Coffee Planter of Ceylon r by William Sabonadiere, 
with an Appendix containing various extracts and 
letters from other authority, bearing on the same 
subject, second edition, enlarged and revised, illus- 
trated by plates and wood engravings, crown 8vo, 
cloth 

Contents : 



7 6 



Introductory Remarks. 

Selection of Land, Soil, Elevation, &c. 

Felling, Clearing, and Lopping. 

Nurseries. 

Lining, Holing, and Planting. 

Roads and Drains. 

Weeding. 

Topping, Pruning, and Handling. 

Manuring, Trenching, &c. 

Picking, Curing, andDespatching Crop. 

Bungalows and Lines. 

Stores, Pulping House, and Barbecues. 

Tools and Machinery. 

The Enemies of the Coffee-tree. 

The Malabar Cooly. 

Estimates. 

Description of the Coffee-tree, by 

Laborie. 
Extract from Laborie's Remarks on 

Pruning. 
A Paper on Pruning, by a Member of 

the Planters' Association. 



Coffee-Pruning, by W. L. 

Mr. Moir on Estate Expenditure. 

Mr. George Wall's Letter on Manuring. 

Laborie's Description of a Pulper. 

Letters on Pulpers, by " An Old File." 

Coffee Statistics. 

Planters' Association, Report on 
Manuring. 

Baron Liebig on "Sombreorum." 

R. B. Tytler on " Sombreorum." 

A. Crewell's Letter to Planters' Asso- 
ciation. 

Cattle Disease, and its Treatment. 

Robert Simpson's Price List, and 
Analysis of Manures. 

Districts and Number of Coffee Estates 
in Ceylon. 

Revenue and Expenditure of Ceylon 
from 1840 to 1869. 

Shipments of Ceylon Coffoe from 
1849 to 1869. 



" This is an admirable handbook for coffee cultivation in the island where it 
has been carried out most largely and profitably. The author has had twenty 
years' experience on the subject, and therefore his advice and instructions as to 
selection and clearing of land, nurseries, planting, manures, buildings, and har- 
vesting and preparation of the berry may be followed with advantage. The 
plans and illustrations are interesting and useful. The estimates given for 
outlay and profits, expense and character of buildings, are of most reliable and 
practical character. Having ourselves published on the subject, and as one 
thoroughly acquainted with coffee planting, we can heartily recommend Mr. 
Sabonadiere's book to all intending coffee planters." — Journal of Applied 
Science, 

Coffee and Chicory. 

Coffee and Chicory; the Culture, Chemical Com- 
position, Preparation for Market, and Consumption, 
with simple tests for detecting adulteration, and prac- 
tical hints for the Producer and Consumer, by P. 
L. Simmonds, F.S.S., author of 'The Commercial 
Products of the Vegetable Kingdom/ ' Dictionary of 
Products,' etc., etc., illustrated by numerous wood 
engravings, post 8vo, cloth 2 o 

c 
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Compensations. 

Compensations, a Text-book for Surveyors, in tabulated 

form, by Banister Fletcher, crown 8vo, cloth 5 o 

Contents : 

The varieties of damage for which claims may arise — various classes of 
property — points to be observed in surveys — notices to treat — nature of 
damage for which claims can and cannot be sustained — what property can be 
compulsorily taken — when entry on property can and cannot be compulsorily 
made — of goodwill and stock — and of the various legal methods of settlement 
of disputed claims — together with full and explicit instructions on the methods 
of valuing, and of making claims ; with comments on cases arising under the 
Metropolis Local Management, and Metropolitan Buildings Acts ; the whole 
given in a practical and comprehensive form, supplemented by a copious 
Appendix, containing many useful forms and precedents, and also Tables for 
the Valuation of Freeholds, Leaseholds, Reversions, and Life-Interests, derived 
from the best-approved and most recent sources, and illustrated by examples. 

Concrete. 

A Practical Treatise on Concrete, and How to Make 
It. With Observations on the Uses of Cements, 
Limes, and Mortars, by Henry Reid, C.E., plates, 
post 8vo, cloth 4 6 

The preparation of Concrete is treated fully by Mr. Reid, who devotes dis- 
tinct chapters to Lime Concretes, Concretes with compound Matrices, Roman 
Cement Concretes, and Concretes made with Portland Cements. Those chap- 
ters are followed by two respectively treating of Machinery for mixing Concretes 
and Mortars, and remarks on Building by Frames. 

" Mr. Reid's book is an extremely useful one, and we recommend it to the 
attention of all — and they are a large class — interested in the use of Concrete." 

Engineering. 

Cottages and Villas. 

Picturesque Architectural Studies and Practical 
Designs for Gate Lodges, Cottages, Cottage Hospitals, 
Villas, Vicarages, Country Residences, Schools, 
Village Churches, etc., by W. Young, of Exeter Hall, 
London, Architect, 50 plates, 4to, elegantly bound in 
cloth ;£i 5 o 

This work contains sketches of executed examples of picturesque buildings, 
and suggestive designs, treated in a picturesque style ; and includes plans, 
elevations, and perspective views. 

The aim of the Work is to show the Artistic in building united to practical 
planning and instruction, more by careful study of proportion and distribution 
of parts, than by undue elaboration of detail ; in fact, to get the most picturesque 
and artistic effect in the simplest and least expensive manner. 

The Plates are facsimiles of the author's own drawings, accompanied by ample 
letterpress description and estimates of the cost 
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Cornish Pumping Engine. 

Illustrations of the Cornish, and Boulton and Watt 
Engines, erected at the East London Waterworks, 
Old Ford, 8 large folio plates ', engraved by Gladwin, 
from elaborate drawings made expressly by Mr. Wick- 
stead, together with explanation of the plates, 4to, 
cloth 



12 o 



List of Plates, 

i. — Side elevation of Engine, Pump, 
and stand pipe, with longitudinal 
section of the Engine-house. 

2. — Longitudinal section of theEngine, 
etc., on an enlarged scale. 

3. — Plan of the Boiler-house and four 
Cylindrical Boilers, plan of the 



Cornish Engine : 

Engine-house and Engine, with 
Pump and stand pipe, etc. 
4. — Front elevation of the face of the 
Boilers, a cross-section of the four 
Boilers and the warming tube, 
showing the side and bottom flues, 
the bridge fire-bars, and flues to 
bottom flues, showing the end and 
main flues in cross-section, etc. 



Boulton and Watt Engines : 



1. — General elevation of the Engine, 
main pump, air-vessel, etc., with 
longitudinal section of the Engine- 
house and well, elevation of the 
cylinder, air-pump, and condenser, 
with transverse section of the En- 
gine-house, through the cold water 
cisterns. 

2. — Longitudinal section of theEngine- 
house and Engine, main pump air- 
vessel, to a large scale. 

3. — Plan of the Boiler-house and two 



Boilers, showing the grates and 
seating of one Boiler and section, 
and section of another through the 
internal flue, plan of Engine-house 
and Engine. 
4. — Longitudinal section of the Boiler- 
house and one Boiler, transverse 
section of the Boiler-house, with 
transverse section of one Boiler, 
and front elevation of the face of 
the other, with Stanley's fire- 
feeder. 



Cast Iron. 

A Paper on certain Methods of treating Cast Iron in 
the Foundry, by Zerah Colburn, 8vo, sewed 



1 o 



Cottages and Villas. 

A Series of Designs prepared for execution in the 
United States, by C. Vaux, Architect, 370 engravings, 
8vo, cloth 



12 6 



Cottages. 

The American Cottage Builder ; a Series of Designs, 
Plans, and Specifications, for Homes for the People, 
with Warming, Ventilation, etc., by John Bullock, 
illustrated by 75 engravings, royal 8vo, cloth 



15 d 
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Cottage Residences. 

Cottage Residences, a Series of Designs for Rural 
Cottages and Cottage Villas, by A. J. Downing, 
illustrated with numerous engravings, fourth edition, 
8vo, cloth 12 o 

Cotton Cultivation. 

Cotton Cultivation in its various details, the Barrage 
of Great Rivers, and Instructions for Irrigating, 
Embanking, Draining, and Tilling Land in Tropical 
and other Countries possessing high thermometric 
temperatures, especially adapted to the improvement 
of the cultural soils of India, by Joseph Gibbs, 
Member Institute Civil Engineers, with 5 plates, 
crown 8vo, cloth 7 6 

Cotton Press. 

Cotton Baling Presses, with a description of the 
Accumulator Cotton Press, by Ewing Matheson, 8vo, 
sewed 1 o 

Country Houses. 

The Architecture of Country Houses, including de- 
signs for Cottages, Farm-houses and Villas, etc., etc., 
by A. J. Downing, 320 illustrations, 8vo, cloth 25 o 

Dilapidations. 

Dilapidations, a Text-book for Architects and Sur- 
veyors, in tabulated form, by Banister Fletcher, Asso. 
Rl. Inst. Brit. Arch. (Author of Model Houses), 
showing who are liable for Dilapidations, and the 
extent of the liability of Lessors, Lessees, Tenants 
at will, Tenants by elegit, Statute, Merchant, or Staple 
Tenants in fee simple, Tenants in tail, Tenants for 
life, Tenants for years without impeachment of Waste, 
Mortgagor, Mortgagee in Possession, Yearly Tenants, 
Tenants in common, and joint Tenants, Rights of 
coparceners, also what are dilapidations and waste, 
and further fully instructs the surveyor how to take 
and value them, to which is added the duties of 
surveyors, with a table of legal cases, embracing the 
most recent, and illustrated throughout by examples 
drawn from the author's experience, and latest legal 
decisions, crown 8vo, cloth 5 o 

Draining:. 

The Mode of Draining Land according to the system 
practised by the late Mr. Joseph Elkington, drawn up 
for the consideration of the Board of Agriculture, by 
John Johnstone, Land Surveyor, with 19 plates, 8vo, 
cloth 4 6 
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Dictionary of Engineering. 

Spoils' Dictionary of Engineering, Civil, Mechanical, 
Military, and Naval, with technical terms in French, 
German, Italian, and Spanish, 3100 pp., and nearly 
8000 engravings, in super-royal 8vo, in 8 divisions 
cloth, 13J. 6d. each 
Complete in 3 vols., cloth £$ S ° 

Bound in a superior manner, half-morocco, top edge gilt, 

3 vols. £612 o 

Containing Complete Treatises on 



Agricultural Instruments, including 

Steam Ploughing and Steam 

Ploughing Apparatus. 
Air- Pump. 
Alloys (Metallic) employed in the 

Useful Arts. 
Anemometers. 
Barn Machinery. 
Battery. 
Bells (Large), How to construct to 

sound any required note. 
Belts and Belting. 
Boilers, the Principles and Practice of 

Boiler Construction. 
Bootmaking Machinery. 
Boring and Blasting. 
Boring and Sinking Artesian Wells. 
Brake (Railway). 
Brick-making. 

Bridges — Timber, Stone, and Iron. 
Cables. 
Cements. 
Coal Mining. 

Coolers and Refrigerators. 
Cotton Machinery. 
Damming. 
Details of Engines. 
Docks and Harbours. 
Dynamometer. 
Electro-Metallurgy. 
Engines, Varieties of. 
Fan. 

Fire-arms. 
Flax Machinery. 
Forging, Machinery for. 
Founding and Casting. 
Friction. 
Furnace. 

Gas, Manufacture of. 
Hand Tools. 
Haulage of Coal. 



Hydraulics and Hydraulic Machines, 

Ice-making Machine. 

Iron Manufacture. 

Iron-ship Building. 

Irrigation. 

Lifts, Hoists, and Elevators. 

Lights, Buoys, and Beacons. 

Locks and Lock Gates. 

Locomotive Engine. 

Machine Tools. 

Marine Engine. 

Materials of Construction* 

Mechanical Movements. 

Metallurgy. 

Mills and Mill-work. 

Ores. 

Paper Machinery. 

Permanent Way. 

Piles and Pile-driving. 

Pin-making Machine. 

Pipes. 

Pumps and Pumping. 

Railway Engineering. 

Reservoirs. 

Retaining Walls. 

Rivers. 

Roads. 

Roofs. 

Rope-making. 

Scaffolding. 

Screw Engines. 

Signals. 

Silver. 

Stationary Engines. 

Stave and Cask Machinery. 

Steel. 

Sugar Machinery. 

Telegraph. 

Ventilating and Warming. 

Waterworks. 

Wood-working Machinery. 
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Dual Arithmetic. 

The Young Dual Arithmetician, or Dual Arithmetic ; 
a New Art, designed for Elementary Instruction and 
the use of Schools ; to which are added, Tables of 
ascending and descending Dual Logarithms, Dual 
Numbers, and corresponding Natural Numbers, by 
J Oliver Byrne, formerly Professor of Mathematics, 

College for Civil Engineers, Author of 'Dual Arith- 
metic, a New Art : ' ' The Art and Science of Dual 
Arithmetic,' second edition, revised and corrected, 
i2mo, cloth 3 o 

Draining. 

Draining for Profit and Draining for Health, by George 

E, Waring, jun., with numerous cuts, post 8vo, cloth 7 6 

Dry Rot. 

A Treatise on the Origin, Progress, Prevention, and 
Cure of Dry Rot in Timber ;- with Remarks on the 
Means of Preserving Wood from Destruction by Sea- 
Worms, Beetles, Ants, etc., by Thomas Allen Britton, 
late Surveyor to the Metropolitan Board of Works, 
etc., etc ., plates, crown 8vo, cloth 7 6 

Earthwork Tables. 

Tables for Computing the Contents of Earthwork in 
the Cuttings and Embankments of Railways, by W. 
Macgregor, royal 8vo, cloth 6 o 

"It is a difficult matter to compute the amount of earthwork removed from 
cuttings and piled up into embankments for railways ; owing to the unevenness 
of the surface of the ground, it is, in fact, impossible to obtain absolute accuracy, 
and all that can be done is to calculate as close to truth as practicable. For 
this purpose Mr. Macgregor has compiled these tables, which will give the 
approximate quantity, sometimes more and sometimes less. The tables are 
arranged for cuttings of 30 ft. base, with slopes varying from J to I, to 2^ to I, 
and for bases of 15 ft. to 36 ft. with slopes of i\ to 1 or 2 to I." — English 
Mechanic, 

Earthwork Tables. 

A General Sheet Table for facilitating the Calculation 

of Earthworks, by F. Bashforth, M.A. o 6 

Earthwork Tables. 

Tables for facilitating the Calculating of Earthwork in 
the Cuttings and Embankments of Railways, Canals, 
etc., second edition, corrected and considerably en- 
larged, by Sir John MacNeil, 8vo, cloth 31 6 
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Earthwork Tables. 

A General Table for facilitating the Calculation of 
Earthworks for Railways, Canals, etc., with a Table 
of Proportional Parts,, by Francis Bashforth, M.A., 
Fellow of St. John's College, Cambridge, in 8vo, cloth, 
with mahogany slide 4 o 

" This little volume should become the handbook of every person whose 
duties require even occasional calculations of this nature : were it only that it is 
more extensively applicable than any other in existence, we could cordially 
recommend it to our readers ; but when they learn that the use of it involves 
only half the labour of all other tables constituted for the same purpose, we 
offer the strongest of all recommendations — that founded on the value of time." 

Mechanics Magazine, 

Earthwork Tables. 

Tables for facilitating the Calculation of Earthworks in 

the Construction of Railways, Roads, Canals, Dams, 

etc., by David Cunningham, C.E., royal 8vo, cloth io 6 

" A complete set of Earthwork Tables has been hitherto wanted among 

engineering works. This desideratum has just been supplied by Mr. Cunningham. 

The accuracy of the rough tables, or rather formulae, in general use among 

engineers, has been repeatedly called in question, and the authors of the different 

systems in use carry on, or used to carry on, long controversies regarding the 

merits and demerits of their works. Of all the Tables extant, those of Mr. 

Bidder and Sir John MacNeil are most in favour with their fellow-engineers. 

But each of these has a fault. That of the former is that it is too condensed, 

and that of the latter engineer arises from its unwieldy expansion. The happy 

medium, has, we believe, been obtained in the present work. . . . Ample 

instructions are given for the use of every part of the book, which is certainly 

a most compact and useful work." — Railway News. 

Electrical Standards. 

Reports of the Committee on Electrical Standards 
appointed by the British Association, revised by Sir 
W. Thomson, Dr. J. P. Joule, Professors Clark, 
Maxwell, and Fleeming Jenkin, with a Report to the 
Royal Society on Units of Electrical Resistance, by 
Prof. F. Jenkin, edited by Professor Fleeming Jenkin, 
F.R.S., plates, 8vo, cloth .9 o 

Electricity. 

Memorials, Scientific and Literary, of Andrew Crosse, 

the Electrician, i2mo, cloth 3 6 

Electricity. 

Electricity ; its Theory, Sources, and Applications, by 
John T. Sprague, Member of the Society of Telegraph 
Engineers, with 91 woodcuts and 30 valuable tables, 
crown 8vo, cloth 8 o 

Electric Telegraph. 

Modern Practice of the Electric Telegraph, by Frank 
L. Pope, third edition, with numerous wood engravings, 
8vo, cloth 9 9 



i 
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Electric Telegraph. 

Electrical Tables and Formulae for the Use of Tele- 
graph Inspectors and Operators, compiled by Latimer 
Clark and Robert Sabine, with wood engravings, 
crown 8vo, cloth 12 6 

Embanking. 

Tables for setting out Half- Widths on Railways, Roads, 
Canals, and other Public Works, to be applied in 
Field Work, and without any previous Calculations, 
by J. S. Olver, Civil Engineer, i2mo, cloth 4 o 

Embanking. 

The Mississippi and Ohio Rivers, containing Plans 
for the protection of the Delta from inundation, and 
investigation of the practicability and cost of improv- 
ing the Navigation of the Ohio and other Rivers by 
means of Reservoirs, with an Appendix on the Bars 
at the mouth of the Mississippi, by Chas. Ellet, C.E., 
plates, 8vo, cloth 18 o 

Embanking. 

Principles and Practice of Embanking Lands from 
River Floods, as applied to the " Levees " of the Mis- 
sissippi, by Win. Hewson, C.E., cuts, 8vo, cloth 9 o 

Engineer and Machinist's Focket-Book. 

Containing Mensuration of Surfaces and Solids, 
Strength of Materials, Water Wheels, Hydraulics, 
Pneumatics, etc., Steam and the Steam Engine, Com- 
bustion, Water, Fuel, Tables of the Weight of Metals, 
Pipes, etc., by Charles H. Haswell, I2ni0j roan tuck, 
new edition 12 6 

Engineers' Focket-Book. 

The Civil Engineers' Pocket-Book, by J. C. Trautwine, 

i2mo, mor. tuck 21 o 

Engineering Drawing. 

General Problems of Shades and Shadows, formed 
both by Parallel and by Radial Rays, and shown both 
in Common and Isometrical Projection, together with 
the Theory of Shading, by S. Edward Warren, C.E., 
folding plates, 8vo, cloth 10 6 

Synopsis of Contents. 
Construction of shades and shadows, shades and shadows on ruled surfaces, 
and on single curved surfaces in general, shades and shadows on double curved 
surfaces, general problem in review of shades and shadows determined by 
parallel rays, how determined by diverging rays, and in isometrical projection, 
the finished execution of shades and shadows, and representation of the grada- 
tions of light and shade, etc r 
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Engineering Drawing. 

An Elementary Treatise on Orthographic Projection, 

being a new method of Teaching the Science of 

Mechanical and Engineering Drawing, intended for 

the instruction of Engineers, Architects, Builders, 

Smiths, Masons, and Bricklayers, and for the use of 

Schools, with numerous illustrations on wood and steel, A 

( by William Binns, Associate Institute Civil Engi- 

/ neers, late Master of the Mechanical Drawing Class 

\J at the Department of Science and Art, and at the 

School of Mines, formerly Professor of Applied 

Mechanics, at the College for Civil Engineers, etc., 

seventh edition, 8vo, cloth 9 o 

Mr, Binns 1 system of Mechanical Drawing is in successful 

operation in all the Art Schools of the United Kingdom, 

Engineering Drawing. 

Lithographs of Machine Construction and Drawing 
and Building Construction, comprising Plans, Eleva- 
tions, and Sections of all those details of construction 
specified in the Syllabus of the Science Directory, 
subjects 2 and 3, drawn to a large scale, showing 
clearly how work is put together in order to assist 
students to pass the Government Examinations, by 
W. Busbridge, price each sheet o 3 

Engineering Drawing. 

The Second Course of Orthographic Projection ; being 
a continuation of the New Method of Teaching the 
Science of Mechanical and Engineering Drawing ; 
with some Practical Remarks on the Teeth of Wheels, 
the Projection of Shadows, Principles of Shading, and 
the Practice of Making to Scale Drawings from Actual 
Machinery. Intended for the Instruction of Engineers, 
Architects, Builders, Smiths, Masons, and Bricklayers, 
and for the use of Science Schools and Classes, with 
numerous illustrations, by William Binns, Consulting 
Engineer, Associate I.C.E., late Master of the Mecha- 
nical Drawing Class at the Department of Science and 
Art, and at the Royal School of Mines ; formerly Pro- 
fessor of Applied Mechanics at the College for Civil 
Engineers, etc., 8vo, cloth 10 6 

" Mr. Binns* Treatise is one which we can decidedly recommend to engineer- 
ing students, and is, moreover, one which will be of service to many more 
advanced engineers. In conclusion, also, it is only fair to the publishers that 
we should state that the book — which is illustrated by twenty-four lithographic 
plates, and nearly seventy wood engravings — is got up in a very creditable 
style." — Engineering, 
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Engineering Drawing. 

Portfolio of Engineering Engravings, or a Drawing 

Book of Engineering and Mechanics, being a series 

of practical examples in Civil, Hydraulic, and Mecha- 

\| nical Engineering, 50 plates, with explanatory details 

and sectional parts, etc., 4to, cloth 12 6 

Engineers' Common-Place Book. 

The Engineers' Common-Place Book of Practical 
Reference, consisting of Rules and Tables familiarly 
adapted to Factory and Marine Steam Engines, to 
which are added, extensive tables of circumferences, 
squares, cubes, areas of circles, superficies, and solidi- 
ties of spheres, etc., for facilitating fractional calcula- 
tion, etc., by William Templeton, seventh edition, plates, 
i2mo, cloth 5 o 

Engineers' Companion. 

The Office and Cabin Companion for Engineers and 
Officers of Steam Vessels, consisting of observations, 
rules, and tables to facilitate such Calculations as 
Naval Officers and Engineers are called upon to make, 
by J. Simond Holland, second edition, i2mo, cloth 3 o 

Contents : 

The work and speed of Steam Engines, and Steam Ships, the relation 
between the power and speed of steam vessels, on finding the true mean speed 
of a steam vessel from a number of runs over the measured knot, knot tod 
mile tables, theoretical horse-power, to find the centre of pressure in a paddle 
float, the slip and the resistance, hyperbolic logarithms, funnels, table for 
finding the surfaces of tubes, table of logarithmic factors for finding the con- 
stant logarithms of engines, with two equal cylinders, table of areas of small 
circles, useful for very small orifices, and fine wires, table giving the areas in 
square feet from lengths and breadths in feet and inches, table of superficies, 
wrought iron, cast iron, and steel-screw propeller, French horse-power, 
boilers, useful numbers and facts, etc. 

Engineers' Manual. 

The Engineers' Manual of the Local Marine Board 
Examinations, for certificates of competency as second 
and first class Engineers, with upwards of 100 illus- 
trated diagrams, by Thomas L. Ainsley, tenth edition, 
8vo, cloth, with supplement 7 6 

Engineers' Pocket-Book. 

The Pocket-Book of Pocket-Books, being Molesworth 
and Hurst's Pocket-Books, printed on thin paper and 
bound together in one volume, royal 32mo, russia, gilt 
V edges 12 6 
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Engineers' Pocket-Book. 

Useful Information for Railway Men, compiled for the 
Ramapo Wheel and Foundry Co., U.S., by W. G. 
Hamilton, Engineer, fourth edition, revised and en- 
larged, royal 321110, roan 9 o 



Engineers' Pocket-Book. 

A Pocket-Book of Useful Formulae and Memoranda 
for Civil and Mechanical Engineers, by Guilford L. 
Molesworth, Member of the Institute of Civil Engi- 
neers, Consulting Engineer to the Government of 
India for State Railways, seventeenth edition, revised, 
with considerable additions by the author, containing 
one hundred and fifty additional pages, royal 32mo, 
roan 
Ditto, Interleaved with ruled Paper for Office use 



6 o 
9 o 



Synopsis of Contents. 



Surveying, Levelling, etc. 
Strength and Weight of Materials. 
Earthwork, Brickwork, Masonry, 

Arches, etc. 
Struts, Columns, Beams, and Trusses. 
Flooring, Roofing, and Roof Trusses. 
Girders, Bridges, etc. 
Railways and Roads. 
Hydraulic Formulae. 
Canals, Sewers, Waterworks, Docks. 
Irrigation and Breakwaters. 
Gas, Ventilation, and Warming. 
Heat, Light, and Colour. 
Gravity — Centres, Forces, and Powers. 
Millwork, Teeth of Wheels, Shafting, 

etc. 
Workshop Recipes. 
Sundry Machinery. 



Steam and the Steam Engine. 
Water-power, Water-wheels, Turbines, 

etc. 
Wind and Windmills. 
Steam Navigation, Ship - Building, 

Tonnage, etc. 
Gunnery, Projectiles, etc. 
Weights, Measures, and Money. 
Trigonometry, Conic Sections, and 

Curves. 
Mensuration. 
Tables of Areas and Circumference, 

and Arcs of Circles. 
Logarithms, Square and Cube Roots, 

Powers. 
Reciprocals, etc. 
Useful Numbers. 



"Most of our readers are already acquainted with Molesworth's pocket- 
book, and not a few, we imagine, are indebted to it for valuable information, 
or for refreshers of the memory. The book has been re-arranged, the sup- 
plemental formulae and tables added since the first issue, having now been 
incorporated with the body of the book in their proper positions, the whole 
making over four hundred pages of a handy size for the pocket. Every care 
has been taken to ensure correctness, both clerically and typographically, 
and the book is an indispensable vade-mecum for tlie mechanic and the pro- 
fessional man." — English Mechanic. 
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Engineers' Pocket-Book. 

The Mechanic's, Machinist's, and Engineer's Practical 
Book of Reference, containing Tables, Formulae, etc., 
Strength and Weight of Materials, Mechanics, Ma- 
chinery, Hydraulics, Hydrodynamics, Marine Engines, 
together with the Engineer's Field Book, by C. Hazlett 
and C. W. Hackley, i2mo, roan tuck 12 6 

Engineers' Price-Book. 

Applebys' Illustrated Handbook of Machinery and 
Iron Work, with the Cost, the Working Expenses, 
and the Results obtained in the use of Steam and 
Hand Cranes, Pumps, Fixed and Portable Steam 
Engines, and various other Machines ; with Weight, 
Measurement, etc., etc. ; also Prices of Tools, Iron 
Works, Stores, and Materials required by Civil and 
Mechanical Engineers, Merchants, and others ; 
together with numerous Tables and Memoranda, 
by Appleby Bros., Engineers, many hundred wood 
engravings ', 8vo, cloth 12 6 

" We have here a handsomely published volume of some 450 pages. It 
contains between three and four hundred wood engravings, and the prices of at 
least two thousand machines and miscellaneous articles. The first section is 
devoted to drawings and prices of steam cranes, travellers, winches, and steam 
hoisting machinery ; the second to engines, boilers, turbines, and dredgers; the 
third to steam and hand pumps, hydraulic machinery, motors, and fittings ; the 
fourth to contractors' plant ; the fifth to machine tools, and the sixth prin- 
cipally to agricultural implements. 

"Added is a small collection of tables, memoranda, and information for 
engineers. But as a price-book of general machinery Applebys' handbook is 
more complete than any which has yet come under our notice." — Engineering. 

Equations. 

General Method of Solving Equations of all Degrees ; 
applied particularly to Equations of the second, 
third, fourth, and fifth degrees, by Oliver Byrne, 8vo, 
sewed 1 o 

Engineering Papers. 

Engineering Papers, containing Mortar, Practical 
Ironwork, and Retaining Walls, by C. Graham Smith, 
Stud. Inst. C.E., 8vo, cloth 5 o 

Field Book. 

For Railroad Engineers, containing Formulae for 
laying out Curves, determining Frog Angles, Levelling, 
calculating Earthwork, etc., etc., together with Tables 
of Radii, Ordinates, Reflections, Long Chords, 
\ Magnetic Variations, etc., etc., by J. B. Henck, C.E., 

i2mo, morocco tucH 10 6 
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Engineers' Tables. 

Spoils' Tables and Memoranda for Engineers, selected 
and arranged by J. T. Hurst, C.E., Author of * Archi- 
tectural Surveyors' Handbook,' ' Hurst's Tredgold's 
Carpentry,' etc., 64mo, roan, gilt edges, second edition i o 

Or in cloth case i 6 

Contents : 



>» 
» 

Slaters' 



r 



Excavators' Memoranda 
Bricklayers' /t 

t Fire-Clay Flue Linings 

Weight of Bricks and Tiles 
Masons' Memoranda 
Weight of Limes and Ce- 
ments 
Purbeck Paving 
Yorkshire 
Marble Slabs 
Memoranda 
Weight of Slates 
Carpenters' Memoranda 
Deal Standards 
Purlins 

Roof Scantlings 
Floors 
Rafters 
Plasterers' Memoranda 
Smiths' & Founders' Memo- 
randa 
, Size of Heads, Nuts, &c. 
„ Rivets 
Shrinkage of Castings 
Corrugated Iron 
Zinc 
Weight of Round and Square 
Iron 
Flat Bar Iron 
Round Cast Iron 
Various Metals per 

ft. sup. 
Sheet Iron 



»» 



tt 



%t 



}> 



»> 
»» 



Weight of Hoop Iron 

Chains, and size of 

Cast Iron Pipe 
Heads, Nuts, and 
Washers 
„ Cast Iron Socket 
Pipes 
Wire 
Size and Weight of Nails 
per M 
„ Spikes 

Weight of Cast Iron Balls 
Corrugated Iron 

Roofing 
Nails 

Shoes for Door 
Frames 
Relative Weight of various 

Metals 
Proportion of Wheels 
Cast Iron Pillars 
Relative Strength of Cast 
and Wrought Iron Pillars 
' Safe Load for Stone Pillars 

„ Floors 

Strength of Rolled Iron 

Beams 
Fire-Proof Floors 
Wrought Iron Roofs 

Plumbers' Memoranda 
Weight of Sheet Lead 
„ Lead Pipes 



»» 



Painters' and Glaziers' 
Memoranda 

Sundry Memoranda 
Weight of Metals per foot 
cube 
Earth, Stone, &c. 

per ft. cube 
Timber 
Liquids 

Men and Animals 
Forage 
Water 
Oil 
Coal 
Ropes 
Railway Curves 
Measurement of Heights 
Railway Road Crossings 
Measurement of Distances 
Mensuration 
Circumferences of Circles 
Areas of Circles 
Regular Polygons 
Money Tables, English and 

Foreign 
Weights and Measures 
Weight and size of casks 
Size of Paper 
French Measures 
Maltese 

Comparison of English and 
Foreign Measures 



This work is printed in a pearl type, and is so small, measuring only 2\ in. 
by if in., by \ in. thick, that it may be easily carried in the waistcoat pocket. 

"It is certainly an extremely rare thing for a reviewer to be called upon 
to notice a volume measuring but 2% in. by 1$ in., yet these dimensions faith- 
fully represent the size of the handy little book before us. The volume — which 
contains 118 printed pages besides a few blank pages for memoranda — is, in 
fact, a true pocket-book, adapted for being carried in the waistcoat pocket, 
and containing a far greater amount and variety of information than most 

people would imagine could be compressed into so smalf a space The 

little volume has been compiled with considerable care and judgment, and we 
can cordially recommend it to our readers as a- useful little pocket companion." 

Engineering, 



Gas. 



The Gas Fitter's Guide, showing the Principles and 
Practice of Lighting with Coal Gas, by J. Eldridge, 
second edition, cuts, post 8vo, sewed 



80 Catalogue of Books Published by 



'French-English Dictionary. 

Nouveau Dictionnaire portatif Anglais- Frangais et 
Frangais-Anglais, contenant outre un tres-grand 
nombre de mots qui ne se trouvent pas. dans les 
autres Dictionnaires, un Appendice contenant un 
Dictionnaire Anglais-Francais et Frangais-Anglais des 

Vi principaux termes techniques ayant rapport aux 

Science et aux Arts, a la Chimie, a la Physique, a 
l'Astronomie, a la Marine, a l'Art Militaire, a la Mdca- 
nique, aux Machines Locomotives, Chemins de Fer, 
Bateaux a Vapeur, aux Metiers, etc., par Percy Sadler, 
2 vols, in i, post 8vo, sewed 6s. : half-bound calf 7 6 

French Measures. 

French Measures and English Equivalents, by John 
Brook. For the use of Engineers, Manufacturers of 
Iron, Draughtsmen, etc., i8mo, roan I o 

" In a series of compact tables the English values of the French measures 
are arranged from one to a thousand millimetres, and from one to a hundred 
metres ; the fractions of an inch progressing in sixteenths are also reduced to 
French values. The little book will be found useful to almost every engi- 
neer." — Engineering, 

French-Polishing. 

The French-Polisher's Manual, by a French- Polisher, 
containing Timber Staining, Washing, Matching, 
Improving, Painting, Imitations, Directions for 
Staining, Sizing, Embodying, Smoothing, Spirit 
Varnishing, French - Polishing, Directions for Re- 
polishing, royal 321110, sewed o 6 

Gas. 

Analysis, Technical Valuation, Purification and Use 
of Coal Gas, by the Rev. W. R. Bowditch, M.A., with 
wood engravings, 8vo, cloth 12 6 

Condensation of Gas — Purification of Gas — Light — Measuring — Place of 
Testing Gas — Test Candles — The Standard for Measuring Gas-light — Test 
Burners — Testing Gas for Sulphur— Testing Gas for Ammonia — Condensation 
by Bromine— Gravimetric method of taking Specific Gravity of Gas — Carburet- 
ting or Naphthalizing Gas — Acetylene — Explosions of Gas — Gnawing of Gas* 
pipes by Rats — Pressure as related to Public Lighting, etc. 

' ' While the Gas Question is claiming the attention of the inhabitants of 
London and many of the large* provincial towns, Mr. Bowditch's book must 
prove useful. The whole subject of the production, purification, and use of Gas, 
is treated in a perfectly exact, yet at the same time in a clear and concise man- 
ner. The Gas manager will find in its pages a careful examination by a man 
of science and great experience of all the methods which have been introduced 
for removing the non-illuminating and offensive principles from Coal Gas. The 
use of the Photometer in all its varieties is described, etc., with an important 
chapter on testing Gas." — Athenaum* 
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Gas. 

How to Manage Gas, by F. Wilkins,. C.E., second 
edition, i2mo, sewed o 

Gas Works. 

Instructions for the Management of Gas Works, by 

W. C. Holmes, Engineer, 8vo, cloth 4 o 

Geology. 

Manual of Geology, treating of the Principles of the 
Science, with special reference to American Geological 
History, by J as. D. Dana, illustrated by over 11 00 
figures, and a chart of the World, 8vo, cloth 25 o 

Geometry. 

Practical Geometry and Engineering Drawing : a 
Course of Descriptive Geometry adapted to the Re- 
quirements of the Engineering Draughtsman, including 
the determination of cast shadows and Isometric 
Projection, each chapter being followed by numerous 
examples, to which are added rules for shading Shade- , 

lining, etc., together with practical instructions as to \j } 

the Lining, Colouring, Printing, and general treatment / 

of Engineering Drawings, with a chapter on drawing // 

Instruments, by George S. Clarke, Lieut. R.E., In- [j 

structor in Mechanical Drawing, Royal Indian Engi- 
neering College, Coopers Hill, 20 plates, 4to., cloth 15 o 

Gunner's Pocket-Book. 

Bridges' Gunner's Pocket-Book, compiled by Captain 
T. W. Bridges, H.P. Royal Artillery, crown 321110, 
roan, is. ; or morocco 1 6 

" Now-a-days nearly every profession has its special 'pocket-book,' and why 
not the artillerist ? So thought Capt. Bridges : hence this little book, which 
originated in a few tablets he was in the habit of carrying in his pouch, and 
which, amended and enlarged, he has now published in a waistcoat-pocket 
form, consisting of more than sixty pages of useful information to the gunner, . 
whether volunteer or regular. Here we find rules for finding the distance of 
hostile batteries, and tables giving the range of guns for various degrees of 
elevation ; the drills for the different service guns, and various other items, 
from the rations for horses to the trumpet-call for the soldier's mess." — English 
Mechanic* 

Gunnery. 

Tables of Remaining Velocity, Time of Flight, and 
Energy of various Projectiles, calculated from the 
results of experiments made with the Bashforth Crono- 
graph, 1 865- 1 870, 8vo, sewed 2 6 

Hat -Making. 

A Treatise on Hat-Making and Felting, including a 
full Exposition of the Singular Properties of Fur, 
Wool, and Hair, by John Thomson (a practical Hatter), 
cuts, 8vo, cloth 3 6 
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Handrailing. 

Handrailing cut square to the Plank, without a Falling 
Mould, as discovered and taught at the Mechanics' 
Institution, Liverpool, by John Jones, Staircase Builder, 
containing seven plates, with full instructions for 
working them, fol. boards 6 o 

Heat. 

Heat as a source of Power, with applications of general 
principles to the construction of Steam Generators, by 
W. P. Trowbridge, 8vo, cloth 1 5 o 

Hints to Young Engineers. 

By J. Wilson, A.I.C.E., Principal of the Crystal Palace 

School of Engineering, i2mo, sewed o 6 

Hot-Water Apparatus. 

The Engineers' Practical Guide for fixing Hot-Water 
Apparatus, and Wanning Greenhouses and Buildings, 
by John Eldridge, Hot- Water Engineer, illustrated 
with plans and sections, second edition, crown 8vo, 
sewed i o 

Hot-Houses. 

A Practical Treatise on the Construction, Heating, and 
Ventilating of Hot-Houses, including Conservatories, 
Green- Houses, Graperies, and other kinds of Horticul- 
tural Structures, with practical directions for their Ma- 
nagement in regard to Light, Heat, and Air, by Robt. 
B. Leuchars, numerous illustrations, crown 8vo, cloth 7 6 

Hydraulics of Great Rivers. 

Observations and Surveys on the Largest River9 of the 
World, by J. J. Re*vy, Civil Engineer, one volume, 
imp. 4to, cloth, with eight large plates and charts £220 

CONTENTS: 

CHAPTER I. 

General Observations : the Parana, the Uruguay, and the La Plata 
Estuary. Ordinary mode of Proceeding ; Fall of Rivers ; Floats for Currents, 
single and double ; Formulae of great Mathematicians ; Coefficients to correct 
erring Formulas ; Accurate Section of Great Rivers readily obtained ; Current 
Observations difficult; Floats deserve no confidence. Trie great Mississippi 
Surveys. 
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CHAPTER II. 

Mode of Survey adopted: Detailed description. Section of River: 
Rosario Section ; Instruments. Currents : Special Apparatus ; Current 
Meter ; Improvements ; Difficulties of great Depth ; Design of New Appa- 
ratus ; Current Integrator ; Correct Observations practicable to any Depth ; 
Accuracy. 

CHAPTER III. 

The La Plata. 

Estuary: Dimensions, Width, Depth, Channels; Changes; Deposit; Forma- 
tion of Banks, Islands, Channels. Tides : Wave of the South Atlantic ; Violent 
Disturbances ; Diagrams ; Contention between Great Rivers and Tidal Wave. 
Current Observations : Current Curve ; Currenfs at various Depths. Mean 
Current : Integrator ; Results ; Check Trials ; Summary of Mean ; Cause of 
variety of Currents. Inclination : Estuary ; Tidal Wave ; from Flood to Ebb ; 
during Low Water ; Interference of Rivers. 

CHAPTER IV. 

The Parana de las Palmas. 

The River : Charts, Delta, Navigation, Embouchure. Diary of Observa- 
tions : Currents ; Mean, Surface, Bottom ; Night and Day Observations ; 
Rise and Fall at Section ; Results of Currents ; Soundings ; Tables, Analysis 
of Tides : Diagrams of Systems of Waves ; True Outline of Tidal Wave ; 
Dimensions. Analysis of Inclination : Measure of Power of Wave ; Effective 
and Imaginary Inclination ; Effect of Tributaries ; Artificial Channels. 
Analysis of Currents : Current Curve ; Velocity at Surface and three feet 
below ; Maximum Current ; Mean Current ; Corresponding Surface and 
Bottom Currents ; Current Curve across Section. 

CHAPTER V. 

The Parana. 

The River : Expedition up River ; Navigation ; Channel of Guazii-branch ; 
Scenery ; Laguna of San Pedro ; Rosario ; Punta Gorda ; the Delta com- 
mences here ; Formation of the Plains of South America ; D'Orbigny's and 
Darwin's Opinion ; Pampas Deposit ; Formation of Toscas ; Ancient Coral 
Reefs ; Parana ; La Paz ; Esquina ; Alexandra Colony ; Corrientes ; Source 
and Drainage Area of River. The Rosario Section : Currents. Analysis of 
Observations : Section of River ; its Outline reproduced by Outline of Surface 
Currents in 13^ seconds' time ; Surface Currents of Uruguay reproduce coi> 
responding Depths in 5J seconds ; the Law governing Surface Currents ; 
Effective Inclination. Analysis of Depth and Surface Currents. Analysis of 
Inclination : Inclination of Parana and of Palmas ; Gradients of a river ; 
Channel of Parana at Section on a slight bend determined by Centres. 
Analysis of Section: Channel Depth, Sectional Areas; Currents; Surface 
Movement of River ; Flood Volume ; Exceptional Rises. 

CHAPTER VI. 

The Uruguay. 

From River to River : the Pavon Channel ; the Ibicuy River ; Dimen- 
sions ; Currents. The River: the Lake its Estuary; Delta; Turbidity of 
Parana and Uruguay waters ; Port of Salto ; Navigation ; the Falls ; Extra- 
ordinary Fluctuations of River ; Periodical Rises ; Floods ; Low Water ; 
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Drainage Area. Salto Section : Currents ; Tables ; Dimensions of River ; 
Sectional Areas. Analysis of Currents : Surface Movement of River. Analysis 
of Inclination : River's Inclination 5£ times that of the Parana ; tall during 
Periodical Rises. Centres of Gravity : Close Agreement of Centres of Section 
and of Currents ; their Position. 

APPENDIX. 

The improved Current Meter and its Application ; Description ; Details ; 
Modes of Observation at Fixed Levels; Integration of Currents; Trials to 
determine Values of Equation ; Algebraic expression ; Examples ; Geometrical 
Solution of Problems. 

Hydraulics. 

Manual of Hydrology, containing Hydraulic and other 
Tables, rivers, flow of water, springs, wells, and per- 
colation, tides, estuaries and tidal rivers, rainfall, and 
evaporation, by Nathaniel Beardmore, C.E., plates, 
8vo, cloth 24 o 

Hydraulics. 

Lowell Hydraulic Experiments ; being a Selection 
from Experiments on Hydraulic Motors, on the flow of 
Water over Weirs, in open Canals, of uniform Rec- 
tangular Sections, and through Submerged Orifices 
and Diverging Tubes, made at Lowell, Massachusetts, 
by James B. Francis, Civil Engineer, second edition, 
revised and enlarged, with many New Experiments, 
and Additional Illustrations, plates, 4to, cloth £^ 13 6 

Hydraulics. 

Description of the Differential Expansive Pumping ■ 

Engine, with useful notes by Henry Davey, C.E., plates, 

royal 8vo, sewed t 6 

Hydraulics. 

Practical Hydraulics : a' Series of Rules and Tables 
for the use of Engineers, etc., etc., by Thomas Box, 
third edition, numerous plates, post 8vo, cloth J o 

Contents : 
Tables and Formulae of the Theore- Of the Heights of Jets with different 
tical Discharge of Water by round heads. 

apertures of various diameters, and Of the Discharge of Jets with different 
under different heads of water pres- heads. 

sure. ! Of the Discharge of Water over 

Of the Actual Discharge of short ] W T eirs. 

Tubes of various diameters, with Of the Discharge of Overflow Pipes 
square edges, and under different | for Tanks, etc. For open Channels, 

Canals, and Rivers. For the Dis- 
charge of ditto. 



heads of water pressure, being 
8-ioths of the theoretical discharge. 
For bends in Water pipes, showing 
the loss of head due to change of 
direction by one bend of 90 . For 
quick bends. 



Of the Strength of Water Pipes. 
Etc. etc. etc. 
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Hydraulics. 

Tredgold's Tracts on Hydraulics, containing Smeaton's 
Experimental Papers on the power of Water and 
Wind to turn Mills, etc., Venturi's Experiments on 
the Motion of Fluids, and Dr. Young's Summary of 
Practical Hydraulics, plates, royal 8vo, boards 6 o 

Hydraulic Engineering. 

Prize Essay on the Encroachment of the Sea between 
the River Mersey and the Bristol Channel, being an 
Essay which obtained the Prize of the National 
Eistedfodd, held at Chester, 1866; by J. E. Thomas, 
8vo, sewed I o 

Hydraulic Presses. 

Experiments on the Friction of the Leather Collars 
in Hydraulic Presses ; conducted by John Hick, C.E., 
plate, 8vo, sewed I o 

Hydraulic Tables. 

Office Hydraulic Tables, for the use of Engineers 
engaged in Waterworks, giving the Discharge and 
Dimensions of Rivers, Channels, and Pipes, by J. 
Neville, on a large folio sheet I o 

Illumination. 

Handbook of Alphabets, in three parts. Part i, Illu- 
minated initial letters from the 6th to the i8th cen- 
tury, containing 363 examples. Part 2, Manuscript a 
missal, and ornamental alphabets, from the Christian . 
era to the 17th century, comprising 155 examples. 
Part 3, plain and ornamental alphabets, with 36 
examples, the whole printed in gold and colours, in 
one vol., royal 8vo, oblong, bound in cloth 12 6 

Indicator. 

The Indicator Diagram Practically Considered, by 
N. P. Burgh, Engineer, numerous illustrations, fourth 
edition, crown 8vo, cloth 6 6 J 

" This volume possesses one feature which renders it almost unique; this 
feature is the mode in which it is illustrated. It is not difficvU to take a diagram 
if the instrument is once set, and the setting with stationary engines is occa- 
sionally easy enough, but circumstances continually arise under which the 
young engineer is completely at a loss as to how to. obtain a diagram. All 
uncertainty will be removed by referring to the book under consideration ; here 
we have drawings of the arrangements to be adopted under every conceivable 
circumstance, drawings, we may add, illustrating the practice of the best engi- 
neers of the day." — Engineer, 
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Indian Engineering. 

Roads, Railways, and Canals for India, with practical 
suggestions, by T. Login, Esq., C.E., F.R.S.E., Exec. 
Engineer, 7th Division Grand Trunk Canal, formerly 
Superintendent Northern Division, Ganges Canal, 
royal 8vo, sewed 1 o 

Indian Engineering. 

India and Indian Engineering, three Lectures delivered 
at the Royal Engineer Institute, Chatham, in July, 
1872, by Julius George Medley, Lieut-Col. R.E., Assoc. 
Inst. C.E., Fellow of the Calcutta University, Principal 
Thomason Civil Engineering College, Roorkee, crown 
8vo, cloth 3 o 

Inventors and Inventions. 

Inventors and Inventions, in 3 parts. 1st, The philo- 
sophy of Invention considered strictly in relation to 
ingenious contrivances tending to facilitate scientific 
operations, to extend manufacturing skill, or to origi- 
nate new sources of industry. 2nd, The rights and 
wrongs of Inventors, particularly as affected by the 
influence of patent monopoly, legally and politically 
v • examined. 3rd, Early Inventors' Inventories of Secret 

Inventions employed from the thirteenth to the seven- 
teenth century in substitution of Letters Patent, by 
Henry Dircks, C.E., F.C.S., etc., with portrait of the 
author ", crown 8vo, cloth 4 o 

Iron. 

Iron as a material of Construction, forming a Hand- 
book for the use of Students in Engineering, by 
William Pole, C.E., F.R.S., cuts, post 8vo, cloth 6 o 

Contents : 

Production of Pig Iron and Malleable Iron, on the Mechanical Properties of 
Iron generally, Cast Iron, its Strength, Elasticity, etc., Different Qualities of 
Iron, etc. 

Iron Construction. 

Works in Iron, Bridge and Roof Structures, by Ewing 
Matheson, numerous engravings, royal 8vo, cloth 15 o 

Contents : 

v * Bridges, Piers, Screw Piles, Cylinders and Caissons, Coffer-dams, Abutments 

and Wing- walls, Bridge Platforms, Transport and Erection of Bridges, Landing 
Piers and Jetties, Roofs and Buildings, Ornamental Iron Work, Painting and 
Gilding Iron Work, Technical Terms in English, French, German, Italian, and 
Spanish. 
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Iron Manufacture. 

X Treatise on Roll Turning for the Manufacture of 
Iron, by Peter Tunner, translated and adapted by John 
B. Pearse, 3 vols., text in 8vo, plates, folio, cloth £250 

Iron Manufacture. 

A New Guide to the Sheet Iron and Boiler Plate 
Roller, containing a Series of Tables showing the 
weight of Slabs and Piles to produce Boiler Plates, and 
of the weight of Piles and the, sizes of Bars to produce 
Sheet Iron; the thickness of the Bar Gauge in deci- 
mals ; the weight per foot and the thickness on the 
Bar or Wire Gauge of the fractional parts of an inch ; 
the weight per sheet, and the thickness on the Wire 
Gauge of Sheet Iron of various dimensions to weigh 
1 1 2 lbs. per bundle ; and the conversion of Short 
Weight into Long Weight, and of Long Weight into 
Short. Estimated and collected by G. H. Perkins and 
J. G. Stowe, oblong 8vo, boards 5 6 

Iron Manufacture. 

A Practical Guide for Puddling Iron and Steel, by 
Ed. Urbin, Engineer, to which is added a Comparison 
of the Resisting Properties of Iron and Steel, by A. 
Brull, 8vo, cloth 3 6 

-Synopsis of Contents. 
Theory of the Puddling process. Physical Characteristics of Slags. Means 
for changing the Chemical compositions of Slags. Influence of Fuel on the 
Working. Puddler's work. Comparison of the resisting properties of Iron 
and Steel. And numerous Experiments by Messrs. Kirkaldy, Nozo, Hodgkin- 
son, Barnet, etc. 

Iron. 

A Paper on the relation between the safe load and the 

ultimate strength of iron, by Zerah Colburn, i2mo, 

sewed 1 o 

Iron Ships. 

The Fouling and Corrosion of Iron Ships ; their causes 
and means of prevention, with the mode of application 
to the existing Ironclads, by Charles F. T. Young, 
C.E., Assoc. I.N. A., with illustrations, 8vo, cloth 10 6 

Jonathan Hulls. 

A description and draught of a new-invented Machine 
for carrying Vessels or Ships out of or into Harbour, 
Port, or River, against Wind and Tide, or in a Calm, 
by Jonathan Hulls, 1737, reprint in facsimile, i2mo, 
Jialf-roan 29 
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Lighthouses. 

Report of a Tour of Inspection of European Lighthouse 
Establishments made in 1873, by Major G. H. Elliot, 
numerous illustrations, 8vo, half morocco, 25 o 

Lead Pipe. 

A collection of Reports and Opinions of Chemists in 
regard to the Use of Lead Pipe for Service Pipe in 
the Distribution of Water for the Supply of Cities, by 
J. P. Kirkwood, 8vo, cloth 7 6 

Light. 

Lectures on Polarized Light, together with a Lecture 
on the Microscope, bythe late Jonathan Pereira, M.D., 
F.R.S., etc., edited by the Rev. B. Powell, M.A., etc., 
numerous woodcuts, i2mo, cloth 2 '6 

Locomotive. 

Catechism of the Locomotive, by W. N. Forney, 
Mechanical Engineer, with tables ', 19 plates, and 227 
wood engravings, crown 8vo, cloth 9 o 

Link-Motion. 

Link-Motion and Expansion- Gear practically con- 
sidered, by N. P. Burgh, Engineer, illustrated with 
90 plates and 229 wood engravings, small 4to, 
handsomely half-bound in morocco ^220 

Contents : 

The History of the Invention of the Link-Motion ; Principles of the action of 
Steam-working Valves ; History of the practical application of Valve-Gearing ; 
Geometrical principles of the action of Eccentrics and Link-Motions, according 
to their relative positions, as applied for Valve-Gears of Steam Engines; 
Action of Steam-working Valves ; Action of the Steam ; Application of Valve- 
Gearing (original) ; Adjustable Eccentrics ; Action of the Link-Motion ; Action 
of the Slide Valve ; Action of the Eccentrics ; Angles of Eccentrics (to set) ; 
Cams, shape of ; Cut-off explained ; Expansion explained ; Exhaustion ex- 
plained ; Eccentric Rods (length of) ; Geometry of the Link-Motion and Valve ; 
Lead explained ; Lap explained ; Link-Motion explained ; Rules. 

Excepting in the work 'Modern Marine Engineering,' there is no book 
that contains practical description and illustration of the Link-Motion and 
Expansion-Gear. Mr. Burgh therefore put himself in communication with the 
principal Mechanical Engineering Firms of England and Scotland, for the pur- 
pose of making this the Standard Book of Reference on the above subjects. 

The following Firms have contributed Drawings and Articles. 



Messrs. PENN 

MAUDSLAY 
WATT 
RENNIE 
HUMPHREYS 



Messrs. RAVENHILL 
„ NAPIER 
SPENCER 
DUDGEON 
HARVEY 
„ HAWTHORN 



Messrs. DOUGLAS 
JEFFERY 
WOOD 
HURDLEY 
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Link-Motion. 

Application of the Slide Valve and Link-Motion to 
Stationary, Portable, Locomotive, and Marine Engines, 
with new and simple methods for proportioning the 
parts, by William S. Auchincloss, Civil and Mecha- 
nical Engineer. This Work is designed as a hand- 
book for Mechanical Engineers, Master Mechanics, 
Draughtsmen, and Students of Steam Engineering. 
All dimensions of the valve are found with the greatest 
ease by means of a printed scale, and proportions of 
the link determined without the assistance of a model, 
illustrated by 37 woodcuts and 21 lithographic plates, 
together with a copper-plate engraving of the Travel 
Scale, 8vo, cloth 1 6 o 

Liquid Fuel. 

On Liquid Fuel, by Benjamin H. Paul, Ph.D., 8vo, 

sewed I o 

Machine Construction and Drawing. 

Elements of Machine Construction and Drawing, or 
Machine Drawing, with some elements of descriptive 
and 'rational cinematics, a text-book for schools of 
Civil and Mechanical Engineering, and for the use of 
mechanical establishments, artisans, and inventors, 
containing the principles of Gearing Screw-propellers, 
Valve-motions, and Governors, and many standard and 
novel examples, mostly from present American prac- 
tice, by S. Edward Warren, C.E., Professor in the 
Renssalaer Polytechnic Institute, etc., two vols., text 
in 8vo, plates, sm. 4to, cloth 31 6 

Machinery. 

The Modern Practice of American Machinists and 
Engineers, including the Construction, Application, 
and Use of Drills, Lathe Tools, Cutters for Boring 
Cylinders, and hollow-work generally, with the most 
Economical Speed for the same, with Boilers, Gears, 
Belting, etc., by Egbert P. Watson, 86 woodcuts, post 
8vo, cloth 10 6 

Marble-Working. 

The Marble- Worker's Manual, designed for the use of 

Marble -Workers, Builders, etc., containing practical * 4 

information respecting Marbles in general, the Cutting, -i 

Working, and Polishing, Veneering, Painting upon and ' \J n 

Colouring of Marble, Mosaics, Composition, and use of / 

Artificial Marble, Stuccos, Cements, Receipts, Secrets, 

etc., by M. L. Booth, i2mo, cloth 7 6 v 
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Marine Engine. 

The Principles that govern the future development of 
the Marine Boiler Engine, and Screw-Propeller, read 
before the Society of Arts, by N. P. Burgh, Engineer, 
with four plates, royal 8vo, sewed 2 o 

Mathematics. 

Formulae, Rules, and Examples for Candidates for the 
Military, Naval, and Civil Service Examinations, also 
for Mathematical Students and Engineers, by T. 
Baker, C.E., i2mo, cloth I o 

Mechanical Engineering. 

The Mechanician and Constructor for Engineers, 
comprising Forging, Planing, Lining, Slotting, Shap- * 

ing, Turning, Screw Cutting, etc., by Cameron Knight, 
illustrated by 96 4to plates, containing 1147 illustra- 
tions, and 397 'pages of letterpress, 4to, cloth £2 10 o 

Or, half-bound French morocco 2 12 6 

The Mechanician is essentially a book of processes, including all operations 
by which the principal portions of engines are forged, planed, lined, turned, and 
otherwise treated. The author endeavours to perform two things — to explain 
to uninitiated students how engines are really made, together with the funda- 
mental principles involved in making them, and also to produce a book which 
shall be useful to practical mechanics for reference in the difficult details of 
their business. 

Of the six chapters constituting the work, the first is devoted to forging ; in 
which the fundamental principles to be observed in making forged articles of 
every class are stated, giving the proper relative positions for the constituent 
fibres of each article, the mode of selecting proper quantities of material, steam 
hammer operations, shaping-moulds, and the manipulations resorted to for 
shaping the component masses to the intended forms. 

Engineers' tools and their construction are next treated, because they must 
be used during all operations described in the remaining chapters, the author 
thinking that the student should first acquire knowledge of the apparatus which 
he is supposed to be using in the course of the processes given in Chapters 4, 
5, and 6. In the fourth chapter, planing and lining are treated, because these 
are the elements of machine-making in general. The processes described in 
this chapter are those on which all accuracy of fitting and finishing depend. 
The next chapter, which treats of shaping and slotting, the author endeavours 
to render comprehensive by giving the hand-shaping processes in addition to 
the machine-shaping. 

In many cases hand-shaping is indispensable, such as sudden breakage, 
operations abroad, and on board ship, also for constructors having a limited 
number of machines. Turning and screw-cutting occupy the last chapter. 
In this, .the operations for lining, centering, turning, and screw-forming are 
detailed and their principles elucidated. 

The Mechanician is the result of the author's experience in engine making 
during twenty years ; and he has concluded that however retentive the memory 
of a machinist might be, it would be convenient for him to have a book of 
primary principles and processes to which he could refer with confidence. 
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Mechanical Movements. 

The Mechanical Inventor's Guide, comprising familiar 
treatises on the Laws of Motion, the Mechanical 
Powers, and Drums and Belts, and Toothed Wheels, 
and a collection of nearly 300 Mechanical Movements, 
forming a practical introduction to the principles and 
components of Machinery, illustrated by 10 plates, 
containing 280 Diagrams, by Jas. Wylson, C.E., i2mo, 
cloth 2 6 

Mechanics. 

A Pocket-Book of Mechanics and Engineering, con- 
taining a Memorandum of Facts and Connection of 
Practice and Theory, by J. W. Nystrom, C.E., nth 
edition, revised and greatly enlarged, plates, i2mo, 
1 roan tuck 18 o 

Mechanics. 

The Essential Elements of Practical Mechanics, based 
on the principle of work, designed for Engineering 
Students, by Oliver Byrne, formerly Professor of 
Mathematics, College for Civil Engineers, second 
edition, illustrated by numerous wood engravings, 
post 8vo, cloth 7 6 

Contents : 

Chap. 1. How work is measured by a unit, both with and without reference 
to a unit of time. Chap. 2. The work of living agents, the influence of friction, 
and introduces one of the most beautiful laws of motion. Chap. 3. The 
principles expounded in the first and second chapters are applied to the 
motion of bodies. Chap. 4. The transmission of work by simple machines. 
Chap 5. Useful propositions and rules. 

Mechancis of Fluids. 

Mechanics of Fluids for Practical Men, comprising 
Hydrostatics, descriptive and constructive, the whole 
illustrated by numerous examples and appropriate 
diagrams, by Alex. Jamifcson, LL.D., 8vo, cloth 6 o 

Mechanic's Tool-Book. 

Mechanic's Tool-Book (The), with practical rules and 
suggestions for use of Machinists, Iron Workers, and 
others, by W. B. Harrison, i2mo, cloth 10 6 

Metallurgy. 

A Treatise on Metallurgy, comprising Mining in 
General, and particularly Mining Operations, with a 
description of charcoal, coke, and anthracite furnaces, 
blast machines, hot blast, forge, hammers, rolling 
mills, etc., by Frederick Overman, Mining Engineer, 
307 wood engravings, royal 8vo ? clo^h 35 i 
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Mechanics. 

The Principles of Mechanics and their Application to 
Prime Movers, Naval Architecture, Iron Bridges, Water 
Supply, etc., by W. J. Millar, C.E., Secretary to the 
Institution of Engineers and Shipbuilders, Scotland, 
crown 8vo, cloth 4 6 

Metallurgy. 

A Practical Guide for the manufacture of Metallic 
Alloys, comprising their chemical and physical pro- 
perties, with their preparation, composition, and uses. 
Translated from the French of A. Guettier, Engineer 
and Director of Foundries, etc., by A. A. Fesquet, 
Chemist and Engineer, post 8vo, cloth 12 6 

Meteorology. 

A Treatise on Meteorology, with a collection of Meteor- * 

ological Tables, by Elias Loomis, LL.D.,' Professor of 
Natural Philosophy and Astronomy in Yale College, 
cuts, 8vo, sheep 9 o 

Meteorology. 

The Recurring Monthly Periods and Periodic System 
of the Atmospheric Actions, with evidences of the 
transfer of heat and electricity, and general observa-* 
tions on Meteorology, by W. H. B. Webster, 8vo, 
cloth 3 6 

Meteorological Instruments. 

A Treatise on Meteorological Instruments, explanatory 
of their Scientific Principles, Method of Construction, 
and Practical Utility, by Negretti and Zambra, numer- 
ous illustrations, 8vo, cloth 5 o 

Metric Weights and Measures. 

Scales for the Ready Comparison of British and 
Metric Weights and Measures, by A. L. Newdigate, 
M.A., in neat cloth case 5 o 

Metric Weights and Measures. 

The Metric System of Weights and Measures, an 
address delivered before the convocation of the Univer- 
sity of the State of New York, at Albany, August 1st, 
1 87 1, by F. A. P. Barnard, President of Columbia Col- 
lege, New York City, second edition, 8vo, cloth 12 6 

Milford Haven. 

A Paper on Milford Haven and its New Pier Works, 
N by Henry Davy, Member of the Society of Engineers, 

8vo, sewed 1 o 

Military Terms. 

A Handy Dictionary of Military Terms, by Major W. 
W. Knollys, F.R.G.S., 93rd Sutherland Highlanders, 
Garrison Instructor, Home District, etc., i8mo, cloth 2 o 
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Mill Gearing. 

A Practical Treatise on Mill Gearing, Wheels, Shafts, 
Riggers, etc., for the use of Engineers, by Thomas Box, 
post 8vo, cloth, with % plates 5 o 

" Those of our readers who are possessed of Mr. Box's * Practical Hydraulics ' 
and 'Treatise on Heat* (and no Engineer should be without these handy 
volumes) will gladly note the publication of the work before Us. Mr. Box's 
books are what they profess to be, practical treatises clearly written and free 
from abstruse mathematical formulae ; while they are, besides, got up in good 
style, and are of a convenient size for reference. The third of the series (at 
least we hope there is to be a series), bearing the title at the head of the 
present notice, is in no way inferior to those which have preceded it. It con- 
tains, within the space of some eighty odd 8vo pages, five chapters, treating 
respectively of the standard unit of power of wheels, of riggers, and of keys for 
wheels and riggers ; the work being concluded by an appendix. 

' ' In the chapter on wheels, Mr. Box gives rules for laying out and calculating 
the strength of teeth, as well as for proportioning the wheels throughout, these 
rules being accompanied by numerous tables, which materially aid the calcula- 
tion. Similarly the chapter on shafts comprises rules for computing the trans- 
mitting power of shafts under different conditions, together with descriptions of 
various methods of coupling, useful notes on plumming, bearings, etc., and a 
section devoted to the consideration of crank-work for driving pumps and other 
work. The chapter on riggers or pulleys gives a clear explanation of the action 
of belts, accompanied by some useful tables, and also rules for the proportions 
of riggers of various kinds. The fifth chapter, though brief, is equally good in 
its way. Finally, the appendix contains notes on the contraction of wheels in 
casting, on shafts and gearing for screw propellers, etc., etc. 

"We have now briefly indicated the contents of Mr. Box's capital little 
treatise, and we trust we have said enough to show that it forms a valuable 
addition to the practical Engineer's library." — Engineeri?ig t 

Mill Work. 

Buchanan's (R.) Practical Essays on Mill Work and 
other Machinery, with examples of tools of modern in- 
vention, and Supplement, edited by T. Tredgold and 
G. Rennie, 88 plates, 3 vols., royal 8vo 210 

Mill Work. 

The American Miller and Millwright's Assistant, by 

H. C. Hughes, numerous illustrations, i2mo, cloth 7 6 

MiU Work. 

The Practical American Millwright and Miller, com- 
prising the elementary principles of mechanics, me- 
chanism, and motive power, hydraulics, and hydraulic 
motors, mill dams, saw mills, grist mills, the oatmeal 
mill, the barley mill, wool carding, and cloth fulling 
and dressing windmills, steam power, etc., by David 
Craik, illustrated by numerous wood engravings and 
folding plates, royal 8vo, cloth ?i o 
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Millwright's Companion. 

The Millwright and Engineer's Companion, com- 
prising decimal arithmetic, tables of square and cube 
roots, practical geometry, mensuration, strength of 
materials, mechanic powers, water-wheels, pumps, and 
pumping engines, steam engines, tables of specific 
gravity, etc., by William Templeton, seventeenth edition, 
corrected by Samuel Maynard, plates, i2mo, cloth 5 o 

Millwright's Guide. 

The Practical Millwright's and Engineer's Ready 
Reckoner, or Tables for finding the diameter and power 
of cog-wheels, diameter, weight, and power of shafts, 
diameter and strength of bolts, etc., by Thomas Dixon, 
fourth edition, i2mo, cloth 3 o 

Contents : 

Diameter and power of wheels, diameter, weight and power of shafts, multi- 
pliers for steam used expansively, diameters and strength of bolts, size and 
weight of hexagonal nuts, speed of governors for steam engines, contents of 
pumps, working barrels, circumferences and areas of circles, weight of boiler 
plates, French and English weights and measures, etc. 

Mill Dams. 

The Construction of Mill Dams ; comprising also the 
Building of Race and Reservoir Embankments and 
Head Gates, the Measurement of Streams, Gauging 
of Water Supply, etc., etc., with numerous full-page 
illustrations, by James Leffel, 8vo, cloth 16 o 

Mining. 

A Treatise on the Ventilation of Coal Mines ; together 
with a Narrative of Scenes and Incidents from the Life 
of a Practical Miner, by Robert Scott, late Chief of the 
Ventilating Department at Coxlodge Colliery, second 
V edition, with illustrations, 8vo, sewed I o 



r 



Records of Mining and Metallurgy ; or, Facts and Me- 
moranda for the use of the Mine Agent and Smelter, 
by J. Arthur Phillips and John Darlington, in crown 
8vo, cloth, illustrated with wood engravings 4 

Mining. 

A Practical Treatise on Coal Mining, by Geo. G. 
Andre*, Mining Civil Engineer, F.G.S., &c, &c. To be 
completed in 12 monthly parts, at 5 s. each, containing 
(. 48 pages and 6 plates of practical drawings. Parts I t 

to V. now ready, 
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Mining. 

The Quartz Operator's Handbook, by P. M. Randall, 

cuts, crown 8vo, cloth 10 6 

Moulding and Founding. 

Moulders' and Founders' Guide ; a Treatise on Mould- 
ing and Founding in Green Sand, Dry Sand, Loam, 
and Cement, Moulding of Machine Frames, Mill Gear, , 

Hollow Ware, Ornaments, Trinkets, Bells, and Statues ; / 

Description of Moulds for Iron, Bronze, Brass, and "* 

other Metals, with Receipts for Alloys, Bronzes, Var- 
nishes, Colours, by F. Overman, crown 8vo, cloth 6 o 

Narrow Gauge Railways. 

Narrow Gauge Railways, by C. E. Spooner, C.E., 
F.G.S., illustrated with 25 folding plates, 8vo, cloth 12 6 

Contents : 

Copy of paper read at the " Inventors' Institute" on Narrow Gauge Rail- fj 
ways — the Festiniog Railway — Experiment on the Festiniog Railway — l .j ^ 
Captain Tyler's Report — The Railways of the Future — Advantages gained 
by Narrow Gauge Railways — Railway Gauges — Narrow Gauge Rolling Stock 
— Battle of the Gauges — Indian Railway Gauges and Rolling Stock, etc 

Nautical Surveying. 

Nautical Surveying, by W. N. Jeffers, Captain U.S. 

Navy, plates, 8vo, cloth 21 o 

Naval Architecture. 

Our Ironclads and Merchant Ships, by Rear-Admiral 

E. Gardiner Fishbourne, C.B., plates, 8vo, cloth 10 6 

Contents : . 

Danger of the present system of Ship-building ; Errors of Calculation ; Value 
of Life-Belts to Ships ; True Measure of Stability ; Effects of Unequal Dis- 
tribution of Weight laterally ; Defects of Ironclads ; Experiments on the 
' Sultan' and * Devastation'; Stowage of Ships ; Errors in the current mode of 
estimating the Stability of Ships ; and an outline of a correct and rapid mode 
of Calculation, proved by mathematical reasoning, etc. 

Naval Architecture. 

Current Fallacies in Naval Architecture, by E. Gar- 
diner Fishbourne, C.B., Retired Rear-Admiral, plates, 
8vo, sewed I o 

Do. do. Second Series, 8vo, sewed 1 o 

Naval Architecture. 

The Loss of H.M.S. ' Captain,' illustrating a new Prin- 
ciple of Naval Architecture, for the first time enun- 
ciated, by E. Gardiner Fishbourne, C.B., Retired Rear- 
Admiral, plates, 8vo, sewed 1 6 
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Oblique Arches. 

A Treatise on the Art of Constructing Oblique Arches, 
with Spiral Courses, by Wra. Donaldson, M.A., Asso- 
i ciate Institute Civil Engineers, plates, 8vo, cloth 4 o 

Ordnance. 

Siege Artillery in the Campaign against Richmond, 
with Notes on the 15-inch Gun, including an Algebraic 
Analysis of the Trajectory of a Shot in its Ricochets 
upon Smooth Water, etc., etc., illustrated by accurate 
drawings of a large collection of the rifle projectiles 
and fuses used by each artny in Virginia, by Brig.-Gen. 
H. L. Abbot, U.S. Army, with six folding plates, 8vo, 
cloth 14 o 

Ordnance. 

Ordnance and Armour, embracing descriptions, dis- 
cussions, and professional opinions concerning the 
Material, Fabrication, Requirements, Capabilities, and 
Endurance of European and American Guns, for 
Naval, Sea-coast, and Ironclad Warfare, and their 
Rifling, Projectiles, and Breech-loading ; also Results 
of Experiments against Armour, from Official Records, 
with an Appendix referring to Guncotton, Hooped 
t Guns, etc., etc., by A. L. Holley, 423 illustrations, 8vo, 
half-morocco £2 8 o 

Ore Deposits. 

A Treatise on Ore Deposits, by Bernard Von Cotta, 
translated from the second German Edition, by F. 
Prime, jun., and Revised by the Author, numerous 
wood engravings, royal 8vo, cloth 21 o 

Outpost Duty. 

Practical Lessons in Reconnoitring, Outpost Duty, 
etc., suggested by the late Autumn Manoeuvres, Nos. 
1 and 2 • each 1 6 

Paper Manufacture. 

A Practical Treatise on the Manufacture of Paper, in 
all its Branches, by Carl Hofmann, with 129 wood 
engravings and 5 large folding plates, 4to, cloth ^3 13 6 

Paper Manufacture. 

A Practical Guide for the Manufacture of Paper and 
Boards, by A. Proteaux, 8vo, cloth 30 o 
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Peat. 

Peat and its Uses, as a Fertilizer and Fuel, by Samuel 

W. Johnson, A.M., numerous cuts, post 8vo, cloth 6 o 

Patent Law, 

Patent Law Considered as affecting the Interests of 
the Million, being Three Pamphlets, i. On the so- 
called " Patent Monopoly." 2. Statistics of Patents. 
3. The Policy of a Patent Law, by Henry Dircks, 
C.E., LL.D., etc., 8vo, cloth 4 o 

Perpetual Motion. 

Perpetuum Mobile ; or, Search for Self-Motive Power 
during the 17th, 18th, and 19th Centuries, illustrated 
from various authentic sources in papers, essays, 
letters, paragraphs, and numerous patent specifica- 
tions, with an Introductory Essay by Henry Dircks, 
C.E., with numerous engravings of machines, crown 
8vo, cloth % 10 6 

„ „ Second Series, with numerous engravings 
and portraits, crown 8vo, cloth 10 6 

" A curious and interesting work. Mr. Dircks' chief purpose was to collect 
together all the materials requisite to form a record of what has been done, or 
attempted rather, in this curious branch of quasi science, and most instructive 
in one sense it is. Mr. Dircks' volume is well worth looking into ; it contains 
a vast deal of entertaining matter." — Builder. 

"Dr. Dircks is not a visionary searching for the Perpetuum Mobile, He 
perceives its folly. While the search for it, he says, is not of itself ' evidence 
of insanity, it is unquestionably a proof of ignorance, or of mental inability to 
master elementary knowledge ; ' and this book is a history of the blunders that 
have been suggested as solutions of the insoluble problem. The book is 
copiously illustrated ; and certainly to the intelligent mechanic, perhaps even 
to the general reader, it will be a book acceptable in leisure hours." — Echo, 
Oct. 3, 1870. 

Petroleum. 

Air as Fuel, or Petroleum and other Mineral Oils 
utilized by Carburetting Air and rendering it inflam- 
mable, by Owen C. D. Ross, Mem. Inst. C.E., second 
edition, crown 8vo, cloth 3 6 

Petroleum. 

A Practical Treatise on Coal, Petroleum, and other 
Distilled Oils, by A. Gesner, M.D., second edition, 
revised and enlarged, by G. W. Gesner, 8vo, cloth t 9 o 

Petroleum. 

A Treatise on the Petroleum Zones of Italy, by E. St. 

John Fairman, F.G.S., with maps, 8vo, sewed 2 6 
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Plan and Map Drawing. 

The Draughtsman's Handbook of Plan and Map 

Drawing, including instructions for the preparation of 

,' Engineering, Architectural, and Mechanical Drawings, 

ft* ft with numerous illustrations and colored examples, 

l u by G. G. Andr6, F.G.S., M.S.E., crown 4to, cloth 15 o 

Platelayers* Tables. 

Tables for Platelayers, compiled from the Formulae in 

the Work on Switches and Crossings, by Wm. Donald- 

J son, M.A., A.I.C.E., author of Switches and Crossings, 

and a Treatise on Oblique Arches, plates, i2mo, cloth ' _ 36 

Port of Calcutta. 

The Port of Calcutta, with special reference to the 
late Cyclone, and remedial Measures to be adopted, by 
Charles C. Adley, Esq., C.E., plates, 8vo, sewed * 20 

Printing. 

The American Printer, a Manual of Typography, con- 
taining complete Instructions for Beginners, as well as 
Practical Directions for Managing all Departments of 
a Printing Office, by Thomas Mackeller, cuts, 8vo, cloth 9 o 

Pump Fitter's Guide. 

The Pump Fitter's Guide, for calculating and fixing 
Pumps, etc., by John Eldridge, plates, i2mo, sewed I O 

Pyrology. 

Pyrology, or Fire Chemistry ; a Science interesting to 
the general Philosopher, and an art of infinite ini- 
portance to the Chemist, Mineralogist, Metallurgist, 
Geologist, Agriculturist, Engineer (Mining, Civil, and 
Military), etc., etc., etc., by William Alexander Ross, 
lately a Major in the Royal Artillery, plates and cuts, 
crown 4to, cloth ^1 16 o 

Railway Crossings. 

Switches and Crossings ; Formulae for ascertaining 
the Angles of Crossings, the Lengths of Switches, 
and the Distances of the Points of the Crossings 
and the Heels of the Switches from the Springing of 
the Curve, by W. Donaldson, M.A., A.I.C.E., Author 
of ' A Treatise on Oblique Arches/ plates, 8vo, cloth to 6 
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Railway Curve Tables. 

Tables for setting out Railway Curves, arranged by 
Chas. Pullar Hogg, C.E., a series of cards arranged 
for Manipulation, with a sheet of Explanations and 
Examples, in neat cloth case 4 6 

These Tables are intended to facilitate the ranging of circular Arcs, by the 
method of Tangential Angles, introduced by Professor Rankine ; they are 
suitable for any unit of length, British or Foreign, so long as the angles and 
the arcs are expressed in the same unit. The angles are given in degrees, 
minutes, and decimals. 

Railway Curves. 

Tables for setting out Curves for Railways, Canals, 

Roads, etc., varying from a radius of five chains to 

three miles, either with or without a Theodolite, by / 

Archibald Kennedy and R. W. Hackwood, 32mo, cloth 26^ 

Railway Curves. 

Treatise on the setting out of Railway Curves, with 
full Tables of the Angles, Distances, and Offsets 
required, especially arranged for the use of Measure- 
ments in feet and imperial links, but also adapted for 
the use of any other unit of Measurement, by David 
Livingstone, crown 8vo, cloth 10 6 

Railway Curves. 

The Field Practice of laying out Circular Curves for 
Railroads, by John C. Trautwine, C.E., i2mo, roan 
tuck, ninth edition, revised and enlarged 10 6 » 

Railway Curves. 

Tables for setting out Curves on Railways and* other 
Public Works, by J. S. Olver, C.E., mounted on a 
sheet and folded in a cloth case, crown 8vo 5 o 

Railway Construction. 

Manual for Railroad Engineers and Engineering 
Students, by G. L. Vose, 165 woodcuts and 31 large 
plates, 8vo, cloth ^3 3 o 

Railway Engineering. 

Manual of Railway Engineering, for the Field and the 
Office, by Charles P. Cotton, C.E., second edition, 
revised and enlarged, post 8vo, cloth 7 6 

Railway Gradients. 

A Treatise on the Improved Method for overcoming 
Steep Gradients on Railways, whereby an ordinary 
locomotive capable of hauling a given load up a gradient 
1 in 80, can take the same up 1 in 8, by Henry Handy- 
side, 8vo, sewed x 



\ 
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Railway Signals. 

A Treatise upon Railway Signals and Accidents, by 
Archibald D. Dawnay, Assoc. Inst. C.E., cuts, 8vo, 
sewed 2 o 

Railway Stations. 

Examples of Station Buildings, and their cost, as 
executed on several Railways, being an Appendix to 
Estimates and Diagrams of Railway Bridges, etc., by 
J. W. Grover, M.I.C.E., 13 plates, folio, cloth 10 6 

Reservoirs 

On the Construction of Catch-water Reservoirs in 
Mountain Districts for the supply of Towns, or for 
other purposes, by C. H. Beloe, Author of ' The Hand- 
book of the Liverpool Water- works,' plates, 8vo, cloth 5 o 

Rennie, Sir John. 

Autobiography of Sir John Rennie, Past-President of 
the Institution of Civil Engineers, F.R.S., etc., etc., 
edited by his son, C. G. C. Rennie, portrait, 8vo, cloth 12 6 



Retaining Walls. 

/ Surcharged and different Forms of Retaining Walls, 

^ by J. S. Tate, cuts, 8vo, sewed 2 o 

Road Locomotives. 

An Epitome of the New Road Locomotive Acts, for 
the Use of Owners and Drivers, by Thomas Aveling, 
i8mo, cloth o 6 

Roads. 

A Manual of the Principles and Practice of Road 

Making, comprising the Location, Construction, and 

Improvement of Roads (common, Macadam, paved, 

A plank, etc.), and Railroads, by W. M. Gillespie, LL.D., 

C.E., ninth edition, cuts, crown 8vo, cloth 12 6 

Roads. 

Report on the Economical Road Maintenance and 
Horse-draught through Steam Road-rolling, with spe- 
/' cial reference to the Metropolis, by F. A, Paget, C.E., 

v 8vo, sewed 2 o 

Roads. 

Road Progress, or Amalgamation of Railways and 
Highways for Agricultural Improvement and Steam 
Farming in Great Britain and the Colonies, by W. 
Bridges Adams, plates ^ 8vo, sewefl r A 
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Ropemaking. 

A Treatise on Ropemaking as practised in" public and 
private Rope-yards, with a description of the manufac- 
ture, rules, tables of weights, etc., adapted to the 
Trade, Shipping, Mining, Railways, Builders, etc., by 
R. Chapman, formerly foreman to Messrs. Huddart and 
Co., Limehouse, and late Master Ropemaker to H.M. 
Dockyard, Deptford, second edition, i2mo, cloth 



Scientific Studies. 

Scientific Studies ; or, Practical in contrast with Chi- 
merical Pursuits, exemplified in Two popular Lectures ; 
first, the Life of Edward Somerset, second Marquis of 
Worcester, Inventor of the Steam Engine ; second, 
Chimeras of Science, Astrology, Alchemy, Squaring 
the Circle, Perpetuum Mobile, etc., by Henry . Dircks, 
C.E., with illustrative diagrams, crown 8vo, cloth 3 Q 



Screw-Propulsion. 

A practical Treatise on modern Screw-Propulsion, 
by N. P. Burgh, Engineer, illustrated with 52 large 
plates and 103 woodcuts ', 4*0, half-morocco ^220 

Contents : 

Chaps, i and 2. Introduction, by G. B. Rennie, M.I.C.E. — Chap. 3. 
The Geometry of Screw Propellers. — Chap. 4. The History of the Griffith 
Screw Propeller, by R. Griffith.— Chap. 5. The Geometry of the Griffith 
Screw Propeller. — Chap. 6. The Geometry of the Paddle- Wheel, by Charles 
Barclay. — Chap. 7. A description of Modern Screw Propellers, constructed 
by the most eminent Marine Engineers in England and Scotland. — Chap. 8. 
On Twin Screw Propellers, by Messrs. W. and J. Dudgeon. — Chap. 9.* On 
Twin Screw Propellers. — Chap. 10. General Remarks on the Twin Screw 
System, by Capt. T. E. Symonds, R.N. — Chaps, ii and 12. A description 
of modern details in connection with Propellers. — Chap. 13. The Practical 
Results of Lignum Vitae bearings for Screw Propellers and Screw Shafting, by 
John Perm, M.E. and C.E. — Chap. 14. A description of the Feathering 
Screw Propeller, as fitted to certain ships by Messrs. Maudslay, Son, and 
Field. — Chap. 15. A description of several proposed arrangements for feather- 
ing the Blades of Screw Propellers. — Chap. 16. A description of modern 
examples of thrust blocks as fitted to Screw Propellers' shafting. — Chaps. 17 
and 18. The Principles of thrust blocks for resisting the thrust of Screw Pro- 
pellers, by Mr. W. Langdon. — Chap. 19. A description of a new prfnciple of 
the Screw Propeller, by Arthur Rigg. — Chaps. 20 and 21. 'A cpmparative 
review of modern Screw Propellers.— Chap. 22. "Rules for the proportion of 
Screw Propellers. An Appendix to Chap. 15 ; Feathering Screw Propeller, 
by Robert Griffith^ etc, ? etc, . . •-* 

B3 
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Sanitary Engineering. 

# Lecture on Water Supply, Sewage, and Sewage Utili- 
zation, delivered at the School of Military Engineering, 
by W. H. Corfield, Esq., M.A., M.D. (Oxon), fol. 
sewed 2 o 

Sanitary Engineering. 

Sanitary Engineering, a Guide to the Construction of 
Works of Sewerage and House Drainage, with Tables 
for facilitating the Calculations of the Engineer, by 
Baldwin Latham, C.E., Mem. Inst. C.E., Past Presi- 
dent of the Society of Engineers, etc., 21 plates and 
112 woodcuts^ 8vo, cloth 30 o 

" Mr. Latham's book addresses itself to the professional world in two aspects. 
In the first place, it is so fully illustrated that if the letterpress which it con- 
tains were worthless, the book would still be a valuable addition to any civil 
engineer's library, simply because of the drawings ; and it is only necessary to 
examine the volume to settle this point. We need scarcely add that the letter- 
press and the engravings taken together render the book one of the most useful 
and most interesting to the engineer that has recently been published. .... 
The subject is not elegant, nor is it one easy to handle with a strict regard to 
delicacy ; and we think it does Mr. Latham no small credit to find that he 
discusses even the most unsavoury subjects connected with the cleansing of our 
houses and cities in a way beyond reproach. At the same time he leaves 
nothing unsaid that ought to be said, and the work should be in the hands of 
everyone, engineer or not, who proposes to himself that the sanitary arrange- 
ments of his house shall be thoroughly efficient." — The Engineer. 

'*.... Amongst those who have carried out their full share of 
practical work, and who have written most and best upon sanitary science is 
Mr. Baldwin Latham, who has thereby qualified himself for bringing the whole 
subject in its strictly practical aspect before the profession. This he has com- 
menced to do, and the firstfruit of his labours in this respect is a volume 
replete with useful and reliable information upon work of sewerage and house 

drainage The whole of the operations to which we have referred 

are not mere matters of design or opinion ; they are in every case illustrated 
by the results of practice and experience. Moreover, Mr. Latham does not 
confine himself exclusively to examples from his own practice, but gives some 
from that of other engineers who are engaged in the same branch of the pro- 
fession as himself. The volume is well and amply illustrated both with wood 
engravings and lithographed drawings, some in colours, of the most modern 
practice in sewerage. Many examples are taken from the extensive works 
recently carried out by the author at Dantzic. The treatise, in fact, comes to 
us upon authority, and will take its place as a text-book upon the subject of 
which it treats, and will rank as a valuable contribution to professional litera- 
ture. " — Engineering. 

" The present volume treats only of sewerage and house drainage, and leaves 

very little to be said on those subjects The book is admirably 

illustrated, the smallest and most recent sanitary invention finding a place in 
the plates, and a full description in the text. We can strongly recommend the 
book to engineers, who would have to seek in many volumes the information 
here collected into one." — Journal of Gas Lighting, Water Supply, and Sani- 
tary Improvement* 
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" In Mr. Latham's book the physiological data upon which all sanitary 

engineering ought to be based are well stated by the author An 

extremely interesting table is given of experiments made by the author on ' the 
amount of absorption and the strength of bricks.' .... The several 
kinds of apparatus for flushing sewers described by the author are very 
ingenious ; . . . . granting that sewers require flushing, from whatever 

cause, the author gives some valuable information on the subject 

To the ventilation of sewers Mr. Latham is known to have paid great attention, 

and he goes fully into the subject here Gullies and traps are fully 

illustrated by the author, and tide valves, penstocks, and inverted syphons are 
treated of, and there is an excellent chapter on the subsoil drainage of the 
sites of towns. House drainage, 'the crowning point of a system of sewers,' 
and water-closet apparatus, complete the book." — Builder. 

" . . . . After a careful study of this book on sewerage, we feel that 
we cannot justly withhold the due meed of praise for its lucidity of arrangement 
and exposition, presenting as it does, in some 350 pp. 8vo, a complete and 
compendious summary of all that is, or that needs to be, made known relating 
to the subject, derived from works executed both in this country and abroad, 
in the practice of the author and other engineers as expressly and rightly 
acknowledged by Mr. Latham. The mass of useful information is made more 
valuable by a complete index, marginal notes, and very full and minute 
illustrative engravings, showing in many cases what to avoid as well as what 
to adopt ; and we mark as of especial value the formulae and tables relating to 
the velocity and discharges of pipes and sewers of various forms and dimen- 
sions under varying conditions as to volume and head of water ; and other 
statistical tables of strength and properties of various materials, etc., etc. . . . 
In fine, we heartily and honestly commend Mr. Latham's ' first instalment ' as 
a valuable vade tnecum for everyone, directly or indirectly associated with, or 
interested in, sanitary science and engineering." — Iron, 

Screw Cutting. 

Tables showing the Screws that can be cut on Slide 
Lathes, by H. L., 8vo, boards I o 

Screw Cutting. 

Screw Cutting Tables, for the use of Mechanical 
Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any required 
pitch, with a Table for making the Universal Gas-pipe 
Threads and Taps, by W. A. Martin, Engineer, second 
edition, royal 8vo, oblong, cloth I O 

Ditto „ sewed o 6 

Sewage. 

Sewage Farming ; No. 1, with some remarks on the 
position of Sewer Authorities in relation to Lands to 
which Sewage is applied, by J. Bailey Denton, Mem. 
Inst. C.E., 8vo, sewed 1 o 

Sewage. 

The Drainage and Sewerage of Towns, by John 
Phillips, C.E., 8vo, sewed 1 6 
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Sewage. 

A Handbook of Sewage Utilization, by Ulick Ralph 
Burke, Esq., Barrister-at-Law, crown 8vo, cloth 3 6 

This work treats : I. Of the evils of the present system of Sewage Treatment, 
the Pollution of Water, and the Waste of Manure. II. Remedies, Privy, and 
Ash-pit ; Eureka System ; Milan, Goul, and Moule's Systems. III. Treat- 
ment of Sewage by Chemical means ; Experiments with Lime ; Lime and 
Chloride of Iron ; Sulphate of Ammonia ; Holden's Process ; Sulphate of 
Alumina ; Persalts of Iron ; Blyth, Lenk, Phosphate, A.B.C., Scott, and Hille 
Processes; Filtration. IV. Irrigation. With an Appendix, including the 
Law relating to Sewage Utilization. 

Sewage. 

The Sewage Question. Part i. The Water Carriage 
System, with an account of the Lime and Cement 
Process of Major-Gen. H. Y. D. Scott, C.B. Part 2. 
Interception Systems, with suggestions by Major-Gen. 
Scott for the Extraction of Concentrated Manures 
from Sewage, 2 parts, 8vo, sewed 2 o 

Sewage. 

The Sewage Question ; on the Treatment and Utiliza- 
tion of Sewage, the Preparation of Land for Irrigation, 
\j and for Intermittent Downward Filtration, by J. Bailey 

Denton, Mem. Inst. C.E., F.G.S., 8vo, sewed 2 o 

Sewage. 

A new Scheme for the treatment of the Sewage Matter 
of our Towns, by utilizing it upon the Waste Land in 
the Country, thereby holding out an inexhaustible 
means for the Employment of the Labouring Classes, 
by Edward Brown, Slough, Bucks, 8vo, sewed o 6 

Sewage. 

Sanitary Works and Sewage Utilization, by J. Bailey 
S Denton, F.G.S., Mem. Inst. C.E., 8vo, sewed i o 

Sewage. 

A Scheme of Sewage and Sewage Utilization for 
Hornsey, prepared for the Local Board of Health, by 
Baldwin Latham, map, 8vo, sewed 2 6 

Sewage. 

A Paper on Irrigation with Town Sewage, by George 

King, 8vo, sewed i. o 

Sewage. 

Sanitary Siftings ; or, Results of Sewage Systems com- 
pared, by a Naval Officer, 8vo, sewed o 6 
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Sewage. 

The Advantages of the Separate System of Drainage, 
with a description of the Works designed and carried 
out by the Author at the town of Halstead, Essex, by 
Edward Monson, A.I.C.E., Surveyor to the Acton Local 
Board, 8vo, sewed i o 

Sewage. 

Sanitary Legislation and Science, with especial regard 
to Sewage and Water Supply (forming a resume* of the 
Sewage Question), being the Substance of Two Lec- 
tures delivered before the Literary and Philosophical 
Society of Nottingham, by M. O. Tarbotton, Memb. 
Inst. C.E., Engineer to the Corporation of Nottingham, 
8vo, sewed i o 

Sewage. 

Sewage no value ; The Sewage difficulty exploded ; Dis- 
posal of Sewage ; Purification and not Utilization being 
the main object ; Farmyard and Artificial Manures, by 
E. Monson, Assoc. Inst. C.E., Surveyor to the Acton 
Local Board, 8vo, sewed 2 o 

Sewing Machine. 

The Sewing Machine ; its History, Construction, and 
Application, translated from the German of Dr. Herz- 
berg, by Upfield Green, illustrated by 7 large litho- \ 

graphic plates, royal 8vo, ornamental boards 7 6 

Sheet Metal Worker. 

Sheet Metal Worker's Instructor, for Zinc, Sheet Iron, 
Copper, and Tin Plate Workers, etc., containing a 
Selection of Geometrical Problems, and practical and 
simple rules for describing the various patterns required 
in the different branches of Metal Working, 32 plates, 
8vo, cloth 10 o 

Ship -building. 

A Method of Comparing, the Lines and Draughting 
Vessels propelled by Sail or Steam ; including a 
chapter on laying off on the mould-loft floor, by 
Samuel M. Fook, plates, royal 8vo, cloth 21 o 

Silver Mines. 

Vazeeri Rupi, the Silver Country of the Vazeers, in 
Kulu : its Beauties, Antiquities, and Silver Mines, * 

including a Trip over the lower Himalayan Range and U 

Glaciers, by J. Calvert, F.G.S., Mem. Inst. C.E., illus- 
trated with a map and coloured plates, 8vo, cloth 16 o 



56 Catalogue of Books Published b? 



Slide Valve. 

A Practical Treatise on the movement of Slide Valves 
by Eccentrics, for the use of Engineers, Draughtsmen, 
Machinists, and Students in general, by C. W. Mac- 
Cord, A.M., plates, 4to, cloth 18 o 

Slide Valve. 

The Slide Valve practically considered, by N. P. 
Burgh, Engineer, fifth edition, containing 88 illus- 
trations, and 121 pages of letterpress, crown 8vo, cloth 5 ° 

'.; The following is a portion of a Review by R. Mallet, Esq., M.I.C.E., etc : 

I " Mr. Burgh's methods are viewed here in the practical light of the work- 

■ shop, and with good examples of how the principles inculcated have been 

. ; carried out by some of our best engineering firms. The most essential ques- 

\f tions in relation to valve gear — and no working man who is ignorant of them 

is fit to be entrusted with the management, much less repair, of either a land 

or a marine engine of any magnitude — such as the effect upon the successive 

positions of the valve of the length of the connecting rod, and also that of the 

eccentric rod or its equivalent — are extremely clearly put and well illustrated, 

and simple diagrams and rules are given for finding the errors of traverse and 

their correction. The last three chapters are wholly of a practical character, and 

treat of the proportions of slide valves as employed by our great engineering 

firms — Penn, Maudslay, Ravenhill, Watt, etc. — with eleven illustrated and 

illustrative examples, and of modes of packing, balancing, etc." 

Slide Valve. Designing Valve-gearing. 

A Treatise on a Practical Method of Designing Slide 
Valve Gearing by Simple Geometrical Construction, 
based upon the principles enunciated in Euclid's Ele- 
ments, and comprising the various forms of Plain Slide 
Valve and Expansion Gearing ; together with Stephen- 
son's, Gooch's, and Allan's Link- Motions, as applied 
> either to reversing or to variable expansion combina- 

tions, by Edward J. Cowling Welch, Memb. Inst. 
Mechanical Engineers, crown 8vo, cloth 6 o 

The system described in this work enables any draughtsman or foreman to 
"get out" in a. few minutes, and with the greatest precision, all the details of 
a Slide Valve Gear, without recourse to models or other similar appliances. 

Soap and Candle Manufacture. 

The Art of Manufacturing Soap and Candles, includ- 
ing the most recent discoveries, embracing all kinds of 
ordinary Hard, Soft, and Toilet Soaps, especially those 
made by the Cold process. The modes of detecting 
{ ' frauds, and the making of Tallow and Composite 

Candles, by Adolph Ott, Ph.D., cuts, 8vo, cloth io 6 
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Stair Building. 

Esterbrook and Monckton's American Stair Builder, 
containing a complete Exposition of the whole subject 
of planning and constructing Staircases and Handrails, 
in an entirely new and original manner, with Designs 
for Staircases, Handrails, etc., 240 engravings ', folio, 
cloth ^220 

Steam. 

Economy in the use of Steam, a statement of the 
principles on which a saving of Steam may be best 
effected, by Frank Salter, B.Sc, cuts, crown 8vo, cloth 3 6 

Steam. 

Lessons and Practical Notes on Steam, the Steam 
Engine, Propellers, etc., for Young Engineers, Stu- 
dents, and others, by W. H. King, U.S.N., 10th . 
edition, cuts, 8vo, cloth 10 6 

Steam Boilers. 

Practical Treatise on Steam Boilers and Boiler 
Making, by N. P. Burgh, Mem. Inst. Mec. Eng., illus- 
trated by 1 163 wood engravings and 50 large folding 
plates of working drawings, royal 4to, half-morocco £3 13 6 

Contents : 
Marine Boilers. Locomotive Boilers. Portable Land Boilers. Stationary 
Land Boilers. Cylindrical Boilers. Vertical Boilers. Tube Boilers. Circular 
Boilers. Water Tube Boilers. Fire Engine Boilers. Furnace Boilers. Gas 
Fuel Boilers. Oil Fuel Boilers. Mechanical Coal-Feeding Furnaces. Me- 
chanical Oil-Feeding Furnaces. Self-Acting Non-Feed Alarm Apparatus. 
Safety Valves, with Loads and Self- Adjusting Springs. Feed Pumps. Feed 
Injectors. Self-Acting Feed- Water Apparatus. Smoke-Consuming Apparatus. 
Construction. Proportions. Setting. Rules. Contracts. Repairs. Prices. 
Explosions. Nature of Metals used. Galvanic Actions. Incrustation and 
Cleansing. 

Steam Boilers. 

The Boiler-maker's and Iron Ship-builder's Companion, 
comprising a series of original and carefully calculated 
tables, of the utmost utility to persons interested in the 
iron trades, by James Foden, author of ' Mechanical 
Tables,' etc., fcap. 8vo, cloth 5 b 

Steam Boilers. 

A Pocket-Book for Boiler Makers and Steam Users, 
comprising a variety of useful information for Employer 
and Workman, Government Inspectors, Board of Trade 
Surveyors, Engineers in charge of Works and Slips, 
Foremen of Manufactories, and the general Steam- 
using Public, by Maurice John Sexton, royal 321110, 
roan, gilt edges 5 o 
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Steam Boilers. 

Tables and Diagrams relating to Non-condensing 
Engines and Boilers, by W. P. Trowbridge, 4to, boards 

Steam Boilers. 

Records of Steam Boiler Explosions, by Edward Bin- 
don Marten, with numerous diagrams, 8vo, cloth 

Steam Engine. 

Practical Illustrations of Land and Marine Engines, 
showing in detail the modern improvements of High 
and Low Pressure, Surface Condensation and Super- 
heating, together with Land and Marine Boilers, by 
N. P. Burgh, Engineer, 20 plates in double elephant, 
folio, cloth £2 

LIST OF PLATES. 
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Plate 1. High Pressure Steam Engine. 

12 H.P. ; Scale I J in. = I foot ; 3 

Views. 
Plate 2. Details of High Pressure 

Engine, 12 H.P. ; Scale 3 in. = 1 

foot. 

Cylinder, Piston, Slide Casing, 
Slide Valve and Rod, Connecting 
Rod, Piston Rod and Guide Block, 
Eccentric and Band, Slide Connecting 
Rod, Disengaging Socket Eccentric 
Rod, Weigh Shaft, Lever Stud 
Bracket, Slide and Pump Levers, 
Main Lever, Starting Handle, Ball 
Governor in detail, Governor Standard 
and Pulley. 
Plate 3. Details of High Pressure 

Engine, 12 H.P. ; Scale 3 in. = 1 

foot. 

Main Framing, Fly- Wheel, Crank, 
and Shaft, Feed Pump, Disengaging 
Socket, Link and Pin, Governor, 
Mitre Gear, Holding Bolts, Studs, 
Plates. 
Plate 4. Details of High Pressure 

Engine, 12 H.P. ; Half size. 

Feed Pump, Valves and Box, Re- 
lief Valve, Safety Valve, Starting and 
Governor Valves, Engine Feed Cock, 
Boiler Front Doors, Fire Bars, and 
Supports. 
Plate 5. Boiler and Settings, 12 H.P. ; 

Scale f in. = 1 foot ; 4 Views. 
Plate 6. Patent Antifriction Trunk 

Engine, 6 H.P. Arrangement, 4 
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De- 



Views ; Scale 1 J in. = I foot ; 

tails ; Scale 3 in. = I foot. 

Cylinder, Slide Valve and Casing, 
Piston Covers and Trunks, Piston Rod 
and Guide Rod, Connecting Rod 
Main Framing, Fly- Wheel, Governor 
and Levers, Eccentric Rods and Strap, 
Shaft and Discs, Starting Handle, 
Feed Pump, and Plunger. 

Marine Engines. 
Plate 7. Marine Engine, Direct Action 
for the Screw Propeller, 400 H.P. 
Collectively ; Scale J in. =• 1 foot ; 
7 Views. 
Plate 8. Details of One Marine En- 
gine, 200 H.P. ; Condenser and Air 
Pump, Feed and Bilge Pumps, 
Cylinder, Equilibrium Slide Valve 
and Casing, Main Frame, Connect- 
ing Rod ; Scale 2 in. = 1 foot ; 
Guide Block and Cross Head— Scale 
2 in. = 1 foot ; Discharge and Suc- 
tion Valves for Air Pump, 3 in. = 
1 foot. 
Plate 9. Details of One Marine En- 
gine, 200 H.P. 

Eccentrics and Straps, Solid Valve 
Link and Block, Slide Valve Rod 
and Guide, Blow -through Valve, 
Shifting Valve, Relief Valve, Bilge 
and Feed Pump Valves, Spur Wheel 
for Expansion Gear, Kingston and 
Injection Valves ; Scale 3 in. = 1 foot. 
Crank Shaft; Scale ij in. = 1 foot 
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Marine Engines {continued). 



Plate 10. Details of One Marine En- 
gine, 200 H.P. ; Scale 3 in. = I foot. 
Air Valves for Air Pumps, Steam 
Piston Injection Pipe, Air Pump 
Plunger, Air, Feed, and Bilge Pump 
Rods, Blow-through Valve for Con- 
denser, Bracket for Reversing Gear, 
Drain Cock and Handle for Condenser. 
Plate 11. Scale 3 in. = 1 foot ; Expan- 
sion Valve Gear, Throttle Valve, 
and end of Thrust Shaft for Marine 
Engine 200 H.P. 
Plate 12. Oscillating Engines for the 
Paddle Wheel, 150 H.P., Collec- 
tively ; Scale 1 in. = 1 foot ; 7 
Views. 
Plate 13. Paddle Feathering Wheel, 
75 H.P. ; Scale I in. = 1 foot ; 2 
views. 
Plate 14. Details of Paddle Wheel, 
75 H.P. 

Paddle Centre, Plummer Block, 
Eccentric Shaft, and Bracket Lever 
Arms, Rings, Stays, Rods, Bolts and 



Floats, Float Clamps, Arm Stays and 

Floats ; Scale 3 in. = 1 foot. 

Plate 15. Griffith Patent Screw Pro- 
peller, with Lifting Frame ; Scale 
I \ in. = 1 foot. 

Plate 16. Arrangement of a Pair of 
Marine Steam Engines of 900 H.P. 
for the Imperial Ottoman Ironclad 
Frigate, * Sultan Mahmoud,* con- 
structed by Ravenhill, Salkeld, and 
Co. ; Scale J in. = 1 foot. 

Plate 17. Marine Boiler, with Super- 
heating Tubes ; Scale I in. = I foot ; 
6 Views. 

Plate 18. Ordinary Condenser, and 
Air Pump, for Screw Marine Engine, 
200 H.P., and Oscillating Paddle 
Engine, 75 H.P. ; 8 Views. 

Plate 19. Surface Condenser, 200 
H.P. ; Scale 1} in. = I foot; 4 
Views. 

Plate 20. General Arrangement of 
Engines, Boilers, Shafting, and 
Screw for a Despatch Boat, 100 
H.P. ; Scale \ in. = 1 foot ; 5 Views. 



The detailed plates have the dimensions fully given. 



Steam Engine. 

Modern Marine Engineering applied to Paddle and 
Screw Propulsion ; consisting of 36 plates, 259 wood 
engravings, and 403 pjages of descriptive matter, the 
whole being an exposition of the present practice of 
the following firms : Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; 
J. and G. Rennie ; R. Napier and Sons ; J. and W. 
Dudgeon ; Ravenhill and Hodgson ; Humphreys and 
Tennant ; Mr J. F. Spencer ; and Messrs. Forester 
and Co. By N. P. Burgh, Engineer, 4to, cloth £2 
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Steam Engine. 

Modern Compound Engines, being a Supplement to 
Modern Marine Engineering, by N. P. Burgh, Mem. 
Inst. Mech. Eng., numerous large plates of working 
drawings, 4to, cloth 18 o 

The following Firms are contributing Working Drawings of their best and 
most modern examples of Engines fitted in the Royal and Mercantile Navies : 
Messrs. Maudslay, Rennie, Watt, Dudgeon, Humphreys, Ravenhill, Jackson, 
Perkins, Napier, Elder, Laird, Day, Allibon. 
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Steam Engine. 

Practical Treatise on the Condensation of Steam ; 
contained in 262 pages of letterpress, and illustrated 
with 212 engravings, by N. P. Burgh, Engineer, super- 
royal 8vo, cloth „ 25 o 
J 7 Contents : J 

Method of Condensing Steam, in Steam Engines, between the years 1705 
and 1838. Modern Injection Condensers for Land Beam Engines. Modern 
Injection Condensers for Oscillating Paddle- Wheel Marine Engines. Injection 
Condensers for Horizontal Marine Screw-Propeller Engines. Tubular Arrange- 
ments for Surface Condensation. Tube Packings for Surface Condensation. 
Surface Condensers for Paddle- Wheel Engines. Surface Condensers for In- 
verted Vertical Direct-Acting Screw Engines. Surface Condensers for Hori- 
zontal Direct-Acting Screw-Propeller Engines. Surface Condensers for 
Horizontal Return- Action Screw Engines. Arrangement of Pumps and Valves 
for Marine Engines. Valve-Connections for Pumps of Marine Engines. Sup- 
plementary Details for Condensers of Marine Engines. Arrangement of Pump 
Valves for Land Engines. Apparatus for the Condensation of Steam without 
Air Pumps. Condensing Apparatus for Locomotive Engines. The Principles 
of the Condensation of Steam. Rules and Tables for Practical use, etc. 

Steam Engine. 

A Pocket-Book of Practical Rules for the Proportions 
of Modern Engines and Boilers for Land and Marine 
purposes, by N. P. Burgh, fifth edition, revised, with 
Appendix, royal 32mo, roan 4 6 

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw 
Engines, Oscillating Engines, Valves, etc., Land and Marine Boilers, Propor- 
tions of Engines produced by the rules, Proportions of Boilers, etc 

Steam Engine. 

The Engine Room ; who should be in it, and what 
they should do ; also the application of the Indicator 
to Marine Engines, by an Old Hand, plates, 8vo, cloth 3* 6 

Steam Engine. 

The Cadet Engineer, or Steam for the Student, by 
John H. Long, Chief Engineer, U.S. Navy, and R. H. 
Buet, Assistant Engineer, U.S. Navy, cuts, 8vo, cloth 9 o 

Contents : 
The advantages and disadvantages of various kinds of Engines ; descrip- 
tion, advantages, and disadvantages of various kinds of Boilers ; appendages 
to Engines and Boilers, the Paddle Wheel, the Screw Propeller, Combus- 
tion of Coal, Erection of Engines, Steam, Expansion of Steam, Cut-offs, the 
Indicator, the Slide Valve, Balanced Valves, Saturation of Water in Marine 
Boilers, Scale, and the means of Preventing its Formation ; Condensers, and 
Feed- Water Heaters, Relation of Power (or Fuel) and Speed in Steam Navi- 
gation, Management of Engines and Boilers at Sea, Overhauling the Engines 
and Boilers in Port, etc. 

Steam. 

Reed's Engineers Handbook to the Local Marine 
Board Examinations, fourth edition, revised, by W. H. 
Thorn, crown 8vo, cloth 4 o 
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Steam. 

Metric and English Table of Temperatures, and Pres- 
sures of Saturated Steam, from Experiments made at 
the Paris Observatory by M. Regnault, calculated for 
practical purposes, and including Atmospheric Pressure, 
by R. A. Peacock, C.E., F.G.S., 4to, sheet, folded o 6 

Steam Hammer. 

History of the Steam Hammer, by T. S. Rowlandson, 

fifth edition, with illustrations, 8vo, sewed o 6 

Steel. 

The Manufacture of Steel, by M. L. Gruner, Professor 
of Metallurgy in the School of Mines, Paris, and In- 
spector-General of Mines, translated from the French 
by Lenox Smith, A.M.E.M., with an Appendix on the 
Bessemer Process, in the United States, by the trans- 
lator, illustrated with plates and woodcuts, 8vo, cloth 18 o 

Street Railways. 

A Practical Treatise on Street or Horse-power Rail- 
ways, their Location, Construction, and Management, 
with General Plans and Rules for their Organization 
and Operation, by A. Easton, C.E., numerous plates , 
8vo, cloth io 6 

Strength of Beams. 

On the Strength of Beams, Columns, and Arches, 
considered with a view to deriving methods of ascer- 
taining the practical strength of any given section of 
Beam, Column, or Arch, in Cast Iron, Wrought Iron, 
or Steel, by B. Baker, numerous cuts, crown 8vo, cloth 9 o 

"The book which Mr. Baker has produced is one that will be of immense 
service to the student of building construction, as the methods of calculation ' 
are very fully explained, and can be worked out with but little use of alge- 
braical formula^ the author having endeavoured to assimilate the process of 
investigation to the ordinary routine of the drawing office ; in other words, he 
has preferred compasses to equations, and scales to logarithms whenever the 
selection was optional. 

"The student, however, must not jump to the conclusion that there is no 
need for him to acquire a considerable knowledge of mathematics, for he will 
find that the whole of the reasoning throughout the book is what may be 
termed 'mathematical,' although without any extensive use of the symbols 

which are supposed to be inseparable from that science 

. . . . The object which our author has had in view has been to derive 
methods of ascertaining the practical strength of any given section of beam, 
column, or arch in cast iron, wrought iron, or steel ; and to show how the 
various data obtained as the results of the numerous experiments which have 
been made on those materials can be utilized for that purpose." — Builde>-, 
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Strength of Beams. 

New Formulas for the Loads and Deflections of Solid 
Beams and Girders, by William Donaldson, M.A., 
Assoc. Inst. C.E., 8vo, cloth 4 6 

Strength of Iron. 

On the Strength of Cast-Iron Pillars, with Tables for 
the use of Engineers, Architects, and Builders, by J. B. 
Francis, C.E., 8vo, cloth 9 o 

Strength of Iron. 

Results of an Experimental. Inquiry into the Compara- 
tive Tensile Strength and other Properties of various 
kinds of Wrought Iron and Steel, by David Kirkaldy, 
second edition, illustrated by numerous plates and 
diagrams y 8vo, cloth 18 o 

Strength of Machinery. 

Investigation of Formulas for the Strength of the Iron 
parts of Steam Machinery, by J. D. Van Buren, C.E., 
8vo, cloth 9 o 

Contents : 

WROUGHT IRON. 

Shafts. — General formulae ; single levers, double levers, triple levers, for 
screw-propellers, for paddle-wheels, engines, and outboard bearings, river 
steamers, sea-going steamers, single and double formulae, involving H.P. 

Crank Pins. — General formulae for single, double, and triple engines, for- 
mulae involving length of journal for single, double, and triple engines for 
length of crank-pin journal. 

Cranks. — Keys, single and double, hub web, eye. 

Rods and Columns. — Pump-rods and valve-stems, piston-rods, connecting- 
rods, direct-tension straps and bolts, shearing keys, gibs, and hugs. 

Beams. — General formulae ; rectangular, circular, and elliptical sections ; 
plate-iron beams. 

Boilers. — Strength of plates and riveted joints ; thickness of shells and 
flues ; dimensions of stays and bolts, oblique stays, pins ; strength of metals 
used in boilers. 

CAST IRON. 

Cylinders and pipes, rods and columns. 

Beams. — General formulae ; rectangular, circular, and elliptical sections ; 
tee-shaped ; general formulae for last shearing, tension, etc, 

Strength of Timber. 

Tables of the Strength and Deflection of Timber, by 
WiUiam Lea, Surveyor, post 8vo, cloth I 6 
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Submarine Blasting. 

Submarine Blasting in Boston Harbour, Massachu- 
setts ; Removal of Tower and Carwin Rocks, etc., by 
John G. Foster, Lieut-Col. of Engineers, and Brevet 
Major-General U.S. Army, plates, 4to, cloth 16 o 

Submarine Warfare. 

Submarine Warfare, Offensive and Defensive, includ- 
ing a discussion of the Offensive Torpedo System, its 
effect upon Iron-clad Ships, Systems and Influence 
upon future Naval Wars, by Lieut-Commander J. S. 
Barnes, U.S.N., numerous illustrations, 8vo, cloth 21 o 

Sugar. 

The Practical Sugar Planter; a complete account of 
the cultivation and manufacture of the sugar-cane, 
according to the latest and most improved processes, 
describing and comparing the different systems pursued 
in the East and West Indies, and the Straits of 
Malacca, and the relative expenses and advantages 
attendant upon each, being the result of sixteen years* 
experience of a sugar-planter in those countries, by 
Leonard Wray, Esq., with numerous illustrations, 
8vo, cloth j 106 

Sugar. 

Sorgum and its products, an account of recent inves- 
tigations concerning the value of Sorgum in Sugar 
production, together with a description of a new 
method of making Sugar and Refined Syrups from this 
plant, by F. L. Stewart, cuts, post 8vo, cloth 7 6 

Sugar. 

Beetroot Sugar and the Cultivation of the Beet, by 

E. B. Grant, square i2mo, cloth 6 o 

Sugar. 

A Treatise on the Manufacture of Sugar from the 
Sugar Cane, by Peter Soames, Assoc. King's Coll. 
London, Assoc. Inst. C.E., Editor of the ' Artizan,' 
woodcuts and plates, 8vo, cloth 12 6 

Sugar Cane. 

The Nature and Properties of the Sugar Cane, with 
practical directions for the improvement of its cul- 
ture and the manufacture of its products, with a 
chapter on the manufacture of Sugar from Beetroot, 
by G. R. Porter, F, U.S., plates, 8vo, cloth 6 o 

Sulphur. 

Sulphur in Iceland, by P. Carter Blake ? Doct Sci., 8vOj 
SewecJ ' * jo 
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Sulphuric Acid. 

The Chemistry of Sulphuric Acid Manufacture, by 

Henry Arthur Smith, cuts, crown 8vo, cloth 4 6 

Contents : 

Ground Plan of Kilns for Burning Sulphur Ores — Section of Pyrites Fur- 
nace — On the Presence of Arsenic — Methods for Removal of Arsenic — An 
Experimental Examination of the Circumstances which determine the Action 
of the Gases in the Lead-chamber — On the Distribution of Gases in the Lead- 
chamber — On the Temperature at which Nitric Acid acts upon Sulphurous 
Acid — On the Distribution of Heat in the Lead-chamber — An Inquiry into the 
Best Form of Leaden Chamber, etc. 

Surveying. 

A Practical Treatise on the Science of Land and En- 
gineering Surveying, Levelling, Estimating Quantities, 
etc., with a general description of the several Instru- 
ments required for Surveying, Levelling, Plotting, etc., 
by H. S. Merrett, 41 fine plates^ with illustrations and 
tables, royal 8vo, cloth, 2nd edition. 12 6 

Principal Contents : 

Part I. Introduction and the Principles of Geometry. Part 2. Land Sur- 
veying ; comprising, general observations — the chain — offsets surveying by the 
chain only — surveying hilly ground, to survey an estate or parish by the chain 
only, surveying with the theodolite — Mining and town surveying — railroad sur- 
veying — Mapping — division and laying out of land — observations on enclosures 
— plane trigonometry. Part 3. Levelling — simple and compound levelling — 
the level-book — parliamentary plan and section — Levelling with a theodolite, 
gradients— wooden curves — to lay out a railway curve — setting out widths. 
Part 4. Calculating quantities generally,, for estimates — Cuttings and Em- 
bankments — Tunnels — Brickwork — Ironwork — Timber measuring. Part 5. 
Description and use of instruments in surveying and plotting — the improved 
dumpy level — Troughton's Level — the prismatic compass — proportional com- 
pass — box sextant — Vernier — pantagraph — Merrett's improved quadrant — im- 
proved computation scale — the diagonal scale — straight-edge and sector. 
Part 6. Logarithms of numbers — logarithmic sines and co-sines, tangent and 
co-tangents — natural sines and co-sines— Tables for earthwork — for setting out 
curves, and for various calculations, etc., etc., etc. 

Surveying. 

The Principles and Practice of Engineering, Trigono- 
metrical, Subterraneous, and Marine Surveying, by 
Charles Bourne, C.E., third edition, numerous plates 
and woodcuts, 8vo, cloth 5 o 

Tables of Squares and Cubes. 

Barlow's Tables of Squares, Cubes, Square Roots, 
Cube Roots, Reciprocals of all Integer Numbers up to 
10,000, post 8vo, cloth 6 q 
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Table of Logarithms. 

Short Logarithmic and other Tables, intended to facili- 
tate Practical Calculations, and for solving Arithmetical 
Problems in class, 8vo, sewed i o 

Ditto, cloth i 6 

Table of Logarithms. 

Table of Logarithms of the Natural Numbers, from 
i to 108,000, by Charles Babbage, Esq., M.A., Stereo- 
typed edition, royal 8vo, cloth 7 6 

To ensure the correctness of these Tables of Logarithms, they were com- 
pared with Callet's, Vega's, Hutton's, Briggs', Gardiner's, and Taylor's Tables 
of Logarithms, and carefully read by nine different readers ; and further, to 
remove any possibility of an error remaining, the stereotyped sheets were hung 
up in the Hall at Cambridge University, and a reward offered to anyone who 
could find an inaccuracy. So correct are these Tables, that since their first 
issue in 1827 no error has been discovered. 

Tanning. 

A New and Complete Treatise on the Art of Tanning, 
Currying, and Leather Dressing, comprising all' the 
Discoveries and Improvements made in France, Great 
Britain, and the United States, by Professor H. Dus- 
sauce, Chemist, illustrated by 212 wood engravings, 
royal 8vo, cloth £2 10 o 

Teeth of Wheels. 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for 
the purposes of Machinery, such as Mill- work and 
Clock-work, and the art of finding their numbers, trans- 
lated from the French, third edition, carefully revised 
and enlarged, with details of the present practice of 
Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins, illustrated by 18 plates, 8vo, cloth 5 o 

Telegraph Cables. 

Guide for the Electric Testing of Telegraph Cables, by 
. Captain V. Hoskiaer,//^/<?j, post 8 vo, cloth 46 

Contents : 
The conductivity of the Copper. The charge of the Cable. Insulation of the 
Cable. Insulation of a joint. The situation and greatness of a Fault. Testing 
and laying of a Cable. Formulae, Tables, etc. 

Telegraph Cables. 

Experimental Investigations of the Laws which govern 
the Propagation of the Electric Current in long Sub- 
marine Telegraph Cables, conducted for the Joint Com- 
mittee appointed by the Lords of the Committee of 
Privy Council for Trade, and the Atlantic Telegraph 
Company, by Latimer Clark, plate } small folio, boards 2 6 
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Tinman's Manual. 

The Tinman's Manual and Builder's and Mechanic's 
Handbook, by J. R. Butts, third edition, i2mo, cloth 5 o 

Torpedo Warfare. 

A Treatise on Coast Defence ; based on the experi- 
ence gained by Officers of the Corps of Engineers of 
the Army of the Confederate States, and compiled 
from Official Reports of Officers of the Navy of the 
United States, made during the North American War 
from 1 86 1 to 1865, by Von Scheliha, Lieutenant- 
Colonel and Chief Engineer of the Department of 
the Gulf of Mexico, of the Army of the late Confe- 
derate States of America ; with numerous fine plates, 
imperial 8vo, cloth, top edge gilt 15 o 

CONTENTS : 

Part I. 

The Progress made in Naval Architecture and in Artillery necessitates a 

modification of the Principles heretofore observed in Coast Defence, 
Chapter I. — Railroad Communication with different points on the sea-shore 
preferable to fortifying places of but secondary importance, causing a 
scattering of Forces. 
Chap. II. — Exposed Masonry not capable of withstanding the effects of Mo- 
dern Artillery ; Bombardments of Forts Sumter, Morgan, Jackson, St. 
Phillip, and Pulaski. 
Chap. III. — Earth, especially Sand-works, properly constructed, a better 
Protection against Modern Artillery than permanent Fortifications built 
on the old plan ; Bombardment of Island No. 10, Vicksburg, Battery 
Wagner, Fort Fisher, Fort Powell. 
Chap. IV. — Guns mounted en barbette, even when protected by properly 
built Traverses, may be silenced by a concentrated fire from Ships ; 
Description of Fort Powell and Batteries on Choctaw Bluff; General 
Remarks on the Construction of Shore Batteries. 
Chap. V. — No Fort now built can keep out a large Fleet, unless the Channel 
is obstructed ; Attack on, and Passage of Forts Jackson and St. Phillip 
on the Mississippi ; Passing of the Batteries at Vicksburg ; Passing 
of the Batteries at Island No. 10 by the Federal Gunboats Carondelet 
and Pittsburg; Passing of Port Hudson; Confederate Gunboats run- 
ning the gauntlet of Federal Batteries below Tiptonville ; Confederate 
Ram Arkansas passes the Federal Fleet above Vicksburg ; Blockade 
Runners. 
Chap. VI. — A merely partial Obstruction of the Channel not sufficient to 
enable Forts to keep out a large Fleet ; Passage of Fort Morgan by the 
Federal Fleet under Rear- Admiral D. G. Farragut, and Naval Engage- 
ment in the Lower Bay of Mobile ; General Orders and detailed Report 
of Rear- Admiral D. G. Farragut ; Description of Confederate Ram 
Tenessee; Loss of United States Steamer Philippi and Monitor 
Tecunush, 
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Chap. VII. — No Fleet can force a Passage if kept under the Fire of heavy 
Batteries by properly constructed Obstructions ; First Attack on Fort 
Sumter ; Admiral Farragut's Opinion of the Obstructions of Spanish River 
and Choctow Pass in the Upper Bay of Mobile. 

Chap. VIII.— Views of Rear- Admiral David D. Porter on Coast Defence. 

Part II. 

On Obstructions. 

Chap. IX. — Importance of Obstructions; to determine the Nature of an 
Obstruction which should satisfy all demands ; Obstructions to be pre- 
pared in time of Peace ; Division of Obstructions ; Position of Obstruc- 
tions in relation to shore-batteries ; Strength required ; Cost-price. 
Chap. X. — On Sunken Obstructions : Dams, Sunken Vessels, Rocks j On 

Obstructions formed by Piles, Chevaux-de-Frise y Sawyers. 
Chap. XI. — On Floating Obstructions ; Booms, Chains, Rafts, and Rope 
Obstructions ; Obstructions formed by Combination of Rafts, Ropes, and 
Torpedoes : Captain Piron's System. 
Chap. XII. — Torpedoes : Experience demands Simplicity of Construction ; 
Torpedoes are divided into Stationary Torpedoes, Torpedoes used in 
offensive operations against the enemy ; according to methods of firing ; 
by contact self-exploding Torpedoes ; Torpedoes fired from Shore ; 
Methods of firing Torpedoes, by the Match, Acids, Percussion, Friction, 
Electricity. 
Chap. XIII. — Torpedoes fired by the Match, by Acids, by Percussion. 
Chap. XIV. — Torpedoes fired by Friction; Raines' Topedo ; Mobile Bay 

Torpedo. 
Chap. XV. — Torpedoes fired by Electricity. 

Chap. XVI. — Apparatus for Observation in relation to Stationary Torpedoes. 
Chap. XVII.— Effect of Torpedoes. 

Chap. XVIII. — Laying of Torpedoes; Method of regulating Position of Tor- 
pedoes ; Torpedoes alone no sufficient Obstruction ; to be laid in several 
rows and en echelon ; where advantageously placed ; Anchoring of Float- 
ing Torpedoes must not be perceptible on the Surface ; Influence of Salt 
Water on the Torpedo ; Advantages and Disadvantages ; Comparative 
Cost-price of the different kinds. 
Chap. XIX. — Torpedoes used in offensive Operations ; Torpedoes driving 
with the current and wind, or propelled by Mechanism ; Torpedo-boat ; 
Torpedo-rocket. 
Chap. XX. — Methods for Lighting up Channels, Fire-flats ; Calcium Light ; 
Electric Light. 
" Any book written like the volume before us, by competent hands, and 
treating of the scientific conduct of the campaigns, must be of great value to 
military men. . . . The book contains so much valuable matter as to be 
worth a place in all military libraries." — Times. 

" It is impossible to read the pages of Von Scheliha's handsome volume 
without being convinced that it constitutes an admirable contribution to the 
literature of military engineering. The arrangement of the work and the 
system of treatment adopted by the editor are excellent ; so excellent that we 

have failed to find room for improvement These propositions he 

has derived from the results of experience acquired by the contending armies. 
He attempts no proof of the accuracy of his propositions other than that sup- 
plied by the official reports laid before Congress, nor is other proof required. 
To reject our author's propositions, is to reject the knowledge acquired by 
experience. . . . Taken as a whole the work is excellent." — Engineer, 

F 2 
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Torpedo Warfare. 

Instructions for the Management of Harvey's Sea 
Torpedo, illustrated with plates and numerous wood 
engravings, 8vo, cloth 2 6 

Tobacco. 

Tobacco, its History and Associations, including an 
Account of the Plant and its Manufacture, with its 
mode of use in all ages and countries, by F. W. Fair- 
holt, ioo engravings, post 8vo, cloth 4 6 

Tonnage Tables. 

Tonnage Table of Ships and Steamers according to 
Builders' Measurement, by Andrew Glendinning, i2mo, 
cloth I o 

Topographical Drawing. 

A Manual of Topographical Drawing, by Lieut. R. S. 

Smith, numerous folding plates, 8vo, cloth 9 o 

Trevithick. 

The Life of Richard Trevithick (Inventor of the 

High-pressure Steam-engine), with an account of his 

Inventions, by Francis Trevithick, C.E., 2 vols., medium 

8vo, cloth, illustrated by a steel portrait, lithographs, 

A i and numerous beautiful wood engravings, including 

v ' many accurate illustrations of Cornwall, its Mines, 

i and Mining Machinery, reduced to 12 6 

Turbine. 

A Practical Treatise on the Construction of Horizontal 
and Vertical Waterwheels, with n plates, specially 
designed for the use of operative mechanics, by William # 

Cullen, Millwright and Engineer, second edition, re- 
vised and enlarged, small 4to, cloth 12 6 

Contents : 
Motives and objects of the Author, remarks on turbines generally, the tur- 
bines of M. Poncelet, Professor Thomson, M. Fontain, M. Jonval, at St. 
Maur Flour-Mill, Messieurs Callon's improvements on turbines, M. Fourney- 
ron's first turbine, with Morin's opinion on the same, Fourneyron on curves, 
turbines over vertical waterwheels. St. Blazien turbine curves constructed, 
turbine getting the water from the under side, design for a turbine having no 
sluice, proportions for turbine, examples to delineate turbines, designs for sup- 
porting turbine shafts, table of square and cube roots to abridge calculation, 
to ascertain the velocity of water in rivers, table of surface and mean velocities, 
of water (with examples), tables of the discharge of water through sluices, 
vertical waterwheels, tables of undershot waterwheels, depth of shrouding, 
diameter of spur -wheels, strength of cast-iron teeth, common and improved 
breast-wheels, overshot waterwheels, form of wood buckets, explanation of 
tables, etc. 
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Turning. 

The Practice of Hand-turning in Wood, Ivory, Shell, 
etc., with Instructions for Turning such work in Metal 
as may be required in the Practice of Turning in. 
Wood, Ivory, etc., also an Appendix on Ornamental 
Turning, by Francis Campin, second edition, with 
wood engravings, crown 8vo, cloth (a book for be- 
ginners) 6 o 

Contents : 

On lathes, turning tools, turning wood, drilling, screw-cutting, miscella- 
neous apparatus and processes, turning particular forms, staining, polishing, 
spinning metals, materials, ornamental turning, etc. 

Turning. 

Specimens of Fancy Turning, executed on the hand 
or foot lathe, with geometric, oval, and eccentric 
chucks, and elliptical cutting frame, by an Amateur, 
illustrated by 30 exquisite photographs, small 4to, cloth 10 6 

Turning. 

A Manual of the Hand-Lathe, comprising con^se 
Directions for working all kinds of Metals, Ivory, , 

Bone, and Precious Woods, dyeing, colouring, and / 

French polishing, inlaying by Veneers, and various ' 

methods practised to produce elaborate work with 
despatch, and at small expense, etc., by E. P. Watson, 
illustrated by 78 engravings, post 8vo, cloth 6 o 

Turning. 

Specimens in Eccentric Circular Turning, with Prac- 
tical Instructions for producing corresponding pieces 
in the art, by J. H. Ibbetson, plates, 8vo, cloth 7 6 

Ventilation. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, 
with Review of the mode of Calculating the Draught 
in Hot- Air Flues, and with some actual Experiments, 
by J. Drysdale, M.D., and J. W. Hayward, M.D., 
demy 8vo, with plates, cloth 7 6 

Ventilation. 

Ventilation of Buildings, by W. F. Butler, cuts, 8vo, 

sewed 1 o 
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Valve-Gears. 

Treatise on Valve-Gears, with special consideration' of 
the Link-Motions of Locomotive Engines, by Dr. 
Gustav Zeuner, third edition, revised and enlarged, 
translated from the German, with the special permis- 
sion of the author, by Moritz Miiller, plates, 8vo, cloth 12 6 

Contents : 

First Part, — Valve- Gears with One Slide Valve. 

First Division. — Simple Valve- Gear with Fixed Expansion. 

Chap. I. — Description of the simple Valve-Gear with Hollowed Slide Valve. 
Theory of the Valve-Motion in the simple Slide Valve Gear. Practical 
Application of the Diagram. Solutions of a few Problems. Practical 
Notes on the designing of Valve-Gears. 

Chap. II. — On the " Missing Quantity" in the Formula of the simple Valve- 
Motion. Representation of the Distribution of the Steam by means 'of 
Valve- Ellipses. The Diagram by Reuleaux. The Diagram by Muller. 

Second Division. — Reversing Motion with Variable Expansion. (Link- 

Motions.) 

Chap. I. — Link-Motion by Stephenson. Description of the Link-Motion. 
Theory of Stephenson's Link-Motion : — a. Determination of the Travel 
of the Slide- Valve ; b. On the Curve of Centres ; c. On the Suspension 
of the Link. Practical Application of the Diagram. On the "Missing 
Quantity." 

Chap. II. — Link-Motion by Gooch. Description of the Valve-Motion. 
Theory of the Link-Motion by Gooch : — a. Determination of the Travel 
of the Valve ; b. On the Curve of Centres ; c. On the Suspension of the 
Link and of the Radius-rod. Practical Application of the Diagram. 

Chap. III. — Link-Motion by Allan. Description of the Link-Motion. 
Theory of Allan's Link-Motion : — a. Determination of the Travel of the 
Valve ; b. On the Curve of Centres ; c. On the Suspension of the Link 
and of the Radius-rod. Practical Application of the Diagram. 

Chap. IV. — Link-Motion by Heusinger von Waldegg. Description of the 
Link-Motion. Theory of Heusinger von Waldegg's Link-Motion : — a. 
Determination of the Travel of the Valve ; b. On the Curve of Centres. 
Practical Application of the Diagram. 

Chap. V. — Link-Motion by Pius Fink. Description of the Link-Motion. 
Theory of Fink's Link-Motion : a. Determination of the Travel of the 
Valve ; b. On the Curve of Centres ; c . On the Suspension of the Link 
and of the Radius-rod. Practical Application of the Diagram. 

Appendix to First Part. — On the Counter-effect of the Steam in Engines 
with Reversing Gear. 

Second Part. — Valve-Motions with Two Valves. 

Chap. I. — Valve-Motion by Gonzenbach. Description of the Valve-Motion. 

Theory and Application of the Diagram. 
Chap. II. — Valve-Motion by Meyer. Description of the Valve-Motion. 

Theory and Application of the Diagram. 
Chap. III. — Valve- Motion by Polonceau. Description of the Valve-Motion. 

Theory and Application of the Diagram. 
Works on Likk-Motions. 
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Vocabulary of Technical Terms 

Used in the Design, Manufacture, and Commerce of 

Iron Structures, English, French, German, Italian, and J 

Spanish, by Evving Matheson, 8vo, sewed 20 " 

Wage Table. 

Delany and Oke's Wage Table for Engineers, Ship- 
Builders, Contractors, Builders, etc., from one quarter 
of an hour in regular progression to nine and three- 
quarter hours, from one day to ten days, at one shilling 
to eight shillings a day, on a sheet 1 o 

War. 

The Art of War, by Baron de Jomini, General and 
Aide-de-Camp of the Emperor of Russia, a new edition, 
with Appendices and Maps, Translated from the 
French by Capt. G. H. Mendell, Corps of Topogra- 
phical Engineers,. U.S. Army, i2mo, cloth 9 o 

Watchwork. 

Treatise on Watchwork, Past and Present, by the Rev. 
H. L. Nelthropp,. M.A., F.S.A., numerous illustra- 
tions, crown 8vo, cloth 6 6 

Contents : 

Definitions of words and terms used in watchwork. Tools. Time. Histo- 
rical summary. On calculations of the numbers for wheels and pinions, their 
proportional sizes, trains, etc. Of dial- wheels, or motion-work. Length of 
time of going without winding-up. The Verge. The Horizontal. The 
Duplex. The Lever. The Chronometer. Repeating Watches. Keyless 
Watches. The Pendulum, or Spiral Spring. Compensation. Jewelling of 
pivot-holes. Clerkenwell. Fallacies of the Trade. Incapacity of Workmen. 
How to choose and use a Watch, etc. 

Water Supply. 

Report on the Filtration of River Waters for the Supply 

of Cities, as practised in Europe, made to the Board 

of Water Commissioners of the City of St. Louis, by , 

James P. Kirkwood, C.E., illustrated with 30 plates, 

royal 4to, cloth ^3 13 6 

Water Supply. 

Facts and Fallacies, discussed in a Series of Letters, 
written for, and published in the * Courier ' Newspaper, 
between Nov. 1866, and April, 1867, chiefly with 
reference to Constant Service, and a Future Source of 
Supply, by John Taylor, C.E., 8vo, sewed 1 o 
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Water Supply. 

The Liverpool Waterworks, by Charles M . Beloe, M . I nst . 
• C.E., Author of the ' Construction of Catch-Water 

^ Reservoirs,' third edition, 8vo, sewed i 6 

Water Supply. 

The present Practice of Sinking and Boring Wells, with 

Geological Considerations and Examples of Wells, 

% by Ernest Spon, Member of the Society of Engineers, 

of the Franklin Institute, of the Iron and Steel Institute, 

* } . and of the Geologists' Association, crown 8vo, cloth, 

*' , * illustrated by 276 diagrams and engravings to scale 7 6 

Water Supply. 

/ The Storage of Water, by J. Bailey Denton, Mem. 

J Inst. C.E., F.G.S. 1 o 



Weight of Iron. 

Tabulated Weights of Angle, T, Bulb, and Flat Iron, for 
the use of Naval Architects and Ship-builders, by Charles 
H. Jordan, M.I.N. A., i8mo, sewed, second edition 1 6 

" Although this little ready calculator has been professedly compiled for the 
use of naval architects and ship-builders, and contains in a cleverly compressed 
form much that cannot fail to be appreciated by them both as regards the 
saying of time in preparing elaborate estimates and the insuring of correctness 
of results, it must not be supposed that these branches are the only ones in which 
the information it affords will be welcomed. The numerous tables give at a 
single reference the weight per foot of nearly every imaginable size and shape 
of iron, and it needs no argument of ours to convince any of those who are 
engaged in constructive ironwork of the great value of so handy and reliable a 
little key to their calculations. Its price is not equal to a tithe of the labour 
of a single computation." — The Ironmonger's Journal. 

Water-Tube Boilers. 

A Paper on Water-Tube Boilers, read before the Society 

of Engineers, by Vaughan Pendred, plates, 8vo, sewed 2 o 

Wood-working Factories. 

On the Arrangement, Care, and Operation of Wood- 
working Factories and Machinery, forming a complete 
Operator's Handbook, by J. Richards, Mechanical 
Engineer, woodcuts, crown 8vo, cloth e o 
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Wood-working Machines. 

A Treatise on the Constructioa and Operation of 
Wood-working Machines, including a History of the 
Origin and Progress and Manufacture of Wood- 
working Machinery, by J. Richards, Mechanical Engi- 
neer, 25 folding plates, and nearly 100 full-page 
illustrations of English, French, and American Wood- 
working Machines in modern use, selected from the 
designs of prominent Engineers, 4to, cloth £1 50 

11 One of the few technical works of originality and merit that have recently 
appeared. . . . The plan adopted by the author is to notice in a general 
way the leading operations of wood conversion, with the construction and 
operation of machines in modern use ; introducing such rules and treating of 
such laws as have been fixed by practice and experience, and have come within 
the knowledge of the writer within an extended experience, in designing and 
constructing hpth standard and special machines for wood- work. . . . The 
illustrations form an important feature of the work. . . . The descriptive 
letterpress and the vast amount of information about the various kinds of 
wood-work will make this work indispensable to all who are either makers or 
users of wood-working machines." — Mechanic's Magazine. 

"Mr. Richards has written on a subject with which he has a thorough 
practical acquaintance, and he has succeeded in producing a treatise which 
should certainly be in the hands of all users of wood-working machinery, and 
which, moreover, will be of much interest to engineers generally. In con- 
clusion we should state that the work is illustrated by no less than one hundred 
and seventeen well-engraved plates, showing examples of every class of wood- 
working machinery by the leading makers in this country, in America, and on 
the Continent." — Engineering. 

" This is a most useful and valuable book, and needs little commendation 
as a practical and trustworthy treatise. Important, especially in the United 
States — as of wood-working as a national industry no complete history and 
description of the various mechanism employed has heretofore been attempted. 

" The work before us in profusely illustrated with views of the best machines 
of America and Europe, and it forms a valuable contribution to the mechanical 
literature of the day." — Scientific American. 

Yachts. 

Yachts and Yacht-Building, being a Treatise on the 
construction of Yachts and other matters relating to 
Yachting, by P. R. Marett, second edition, enlarged, 
illustrated with 12 folding plates , demy 8vo, cloth 12 6 



Just Published, 8vo, Cloth, 10s. 6d. 

PROCEEDINGS OF THE ASSOCIATION OF MUNICIPAL / 

and Sanitary Engineers and Surveyors, Vol. I., 1873-4. Edited / 

by Lewis Angell, Mem. Inst. C.E., Hon. Fellow of King's College, V 
London, F.R.S., B.A. 



Crown &vo, cloth, with Illustrations, Price $s. 
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FOR THE USE OF 
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BY ERNEST SPON. 



CONTAINING RECEIPTS FOR 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dyeing. 

Dynamite. 

Electro-Metallurgy — (Cleaning, 
Dipping, Scratch-brushing, 
Batteries, Baths, and Deposits 
of every description). 

Enamels. 



Engraving on Wood, Copper, 
Gold, Silver, Steel, and 
Stone. 

Etching and Aqua Tint. 

Firework Making — (Rockets, 
Stars, Rains, Gerbes, Jets, 
Tourbillons, Candles, Fires, 
Lances, Lights, Wheels, Fire- 
balloons, and minor Fire- 
works.) 

Fluxes. 

Foundry Mixtures. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, Polishes, 
Lacquers, and Pastes. 

Gilding. 



RECEIPTS— continued. 



Glass Cutting, Cleaning, Frost- 
ing, Drilling, Darkening, 
Bending, Staining, and 
Painting. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Ink — (Writing and Printing). 

Japans, Japanning, and kindred 
processes. 

Lacquers. 

Lathing. 

Leather. 

Lubricants. . 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 

Paper. 

Paper Hanging. 



Painting in Oils, in Water 
Colours, as well as Fresco, 
House, Transparency, Sign, 
and Carriage Painting. 

Photography. 

Pigments. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, Glazes, 
Colours, Oils, Stains, Fluxes, 
Enamels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother o'Pearl, 
and like substances. 

Varnishes, Manufacture and 
Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 

Whitewashing. 



Besides Receipts relating to the lesser Technological matters 
and processes, such as the manufacture and use of Stencil Plates, 
Blacking, Crayons, Paste, Putty, Wax, Size, Alloys, Catgut, Tun- 
bridge Ware, Picture Frame and Architectural Mouldings, Compos, 
Cameos, and others too numerous to mention. 
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Society of Engineers' Transactions. 

Plates, Bvo, cloth, 10s. 6d., 1863. 
Containing papers on the following subjects : — Steam-Boiler Explosions, by P. F. Nursey ; 
Relation between the safe load and the ultimate strength of Iron, by Zerah Colburn ; Con- 
struction of Chelsea Bridge, by G. G. Page ; Bombay and Baroda Railway, by C. Sanderson ; 
Signalling, for Land and Naval Purposes, by F. Wise ; Steam Navigation on the Indus, by 
A. Warren ; and Steam Fire-Engines, by W. Roberts. 

Plates, Bvo, cloth, 2ix., 1864. 
Containing papers on the following subjects:— Fuel, by P. F. Nursey; Manufacture of Coal 
Gas, by A. F. Wil>on ; Cornish Pumping Engine, by A. Fraser ; Elastic Railway Wheels, by 
V. Pendred ; Road Bridges and Railways at Charing Cross, by M . Parkes ; Explosion at Erith, 
and Repair of the River Bank, by L. G. Moore ; Supply of Water to Towns, by B. Latham. 

Plates, Bvo, cloth, 21s., 1865. 
Containing papers on the following subjects : — The Patent Laws, by T. C. Abel ; Strength 
and Rigidity, by W. E. Cochs ; Certain Methods of Treating Cast Iron in the Foundry, by 
Zerah Colburn ; Irrigation with Town Sewage, by G. King ; Circular Tables, by Henry 
Hakewill ; Sugar-Making Machinery, by Perry F. Nursey ; the Adhesion of Locomotive 
Engines, and certain experiments for increasing or supplementing that function, by Vaughan 
Pendred ; On Giflford's Injector, by Lewis Olrick. 

Plates, Bvo, cloth, 21s., 1866. 
Adams (H.) on the Slide Valve ; C. C. R. Von Wessely on Arched Roofs ; B. Latham on the 
Utilization of Sewage; P. Jensen on the Incrustation of Marine Boilers; J. Baldwin on 
Riveted Joints ; T. Cargill on the Six-way Bridge, Pont de l'Europe, Paris ; A. Jacob oa 
Reservoirs and Embankments. 

Plates, Bvo, cloth, 21J., 1867. 
T. Baldwin on the Nature and Action of Safety Valves ; J. G. Horner on Screw Piles of a 
Bridge at Verona ; H. H. Bamber on Water, and its effects on Steam-Boilers ; H. Davey on 
Pumping Engines for Town Water Supply ; Vaughan Pendred on Water Tube Boilers ; 

E. Matheson on the Quality of Iron as at present used ; A. Rigg, jun., on Heavy Guns ; 
S. W. Worsam on Mechanical Saws ; and James Gresham on the most Recent Improvements 
in the Injector. 

Plates, Bvo, cloth, 21s., 1868. 
Containing papers on the following subjects : — On the Surveys of Proposed Lines for a Ship- 
Canal between the Atlantic and Pacific Oceans, by Dr. E. Cullen ; the Panama Railroad, by 
Dr. Cullen ; on the Isthmus of Darien and the Ship- Canal, by E. Cullen ; Engineering in 
India, by F. C. Danvers ; Testimonial to Mr. A. Williams ; the Redhill Sewerage Works, by 
S. A. Reede ; on the Screw Propeller, by Arthur Rigg, jun. ; Modern Gas Works at Home 
and Abroad, by H. Gore ; the Accumulator Cotton Press, by Ewing Matheson ; on the 
Application of Steam to the Cultivation of the Soil, by Baldwin Latham, etc., etc. 

Bvo. cloth, 10s. 6d., 1859. 
Containing : — Explosive Compounds, by Perry F. Nursey ; Drainage and Water Supply to 
the Town of Fareham, by Thos. Buckham ; Electric Telegraphy, irrespective of Telegraphic 
Apparatus, by C. G. Bartholomew ; the Prevention of Leakage in Gas and Water Mains, by 
C. M. Barker; the Commercial Value and Purity of Coal, by F. W. Hartley; Apparatus 
employed for Illumination with Coal Gas, by W. Sugg ; English and Continental Intercom- 
munication, by Perry F. Nursey ; the need of further Experiments on the Strength of Mate* 
rials, by C. J. Light ; Apparatus for Increasing the Velocity of Ships, by Vaughan Pendred. 
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